UNIV. OF MICH, 


m 1906 a 


Entered at the Post Office of New York, N. ¥., as Second Class Matter. Copyright, 1906, by Munn & Co. 
§ Scientific American Supplement. $5 a year. 


Scientific American. established 1845. t 
Scientific American Supplement, Vol. LXI., No. 1591.) NEW YORK, JUNE 30, 1906, (Scientific American and Supplement. $7 a year. 


REMARKABLE BOW VIEW OF THE “‘ LUSITANIA.” STERN OF THE “LUSITANIA,” SHOWING ONE OF THE HUGE PROPELLERS, 


SHOWING THE FINE LINES OF THE HULL. 


THE VESSEL MEASURES 785 FEKT OVER ALL AND 88 FEET BEAM. TURBINE ENGINES ARE USED DEVELOPING 68,000 I. H. P. 


THE CUNARD LINER “LUSITANIA.” 
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THE CUNARD LINER “LUSITANIA.” 


On June 7 the latest of the modern transatlantic 
fliers slipped from her ways into the waters of the 
Clyde—the Cunarder “Lusitania.” The great turbine 
liner was constructed in the works of Messrs. John 
Brown & Co., Clydebank, and, together with her sister 
ship the “Mauritania,” to be launched later in the 
year on the Tyne, constitutes the latest word in ma- 
rine engineering. When the builders of the “Great 
Eastern” undertook the designing of that huge craft, 
it was their intention to construct not only the largest 
vessel that had ever been built, but at the same time 
the largest that could be built. How badly they 
underestimated the possibilities of their profession 
is readily shown by a comparison of the dimensions 
of the “Great Eastern” and the “Lusitania”; the re- 
spective horse-power of the engines alone is sufficient- 
ly startling—8,000 as compared with 68,000. And 
now it appears that the Hamburg-American Line, not 
to be outdone by its British rival, has ordered a still 
greater marine leviathan, which is to be afloat by 
1908, and which wadoubtedly will be the most remark- 
able vessel of its kind ever launched. 

The “Lusitania” has been designed for a speed of 25 
knots an hour, a speed which is a knot and a half in 
excess of that of the fastest of the existing ocean grey- 
hounds, the “Kaiser Wilhelm II.” of the North Ger- 
man Lloyd To propel the great hull through the 
water at this speed, the “Lusitania” is provided with 
turbine engines developing 68,000 indicated horse- 
power, and driving four screws. It was estimated 
that the power requisite to attain this high rate of 
speed would be between 66,000 and 68,000 horse-power, 
and the use of four propellers was determined upon, 
in order more effectively to distribute this enormous 
power. The question of the desirability of the tur- 
bine motor was decided by an investigating commit- 
tee, who voted unanimously in favor of it. The form 
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feet; the heating surface of the boilers approximates 
160,000 square feet, giving 40 square feet of heating 
surface per unit of grate area. 

The turbines which drive the vessel are of enormous 
size; they are the largest so far constructed for simi- 
lar work. The low-pressure engines alone weigh near- 
ly 430 tons. The diameter of the rotor of the latter is 15 
feet 8 inches, the blades attaining a maximum length 
of 22 inches toward the low-pressure end, giving a 
maximum diameter of the rotor of 19 feet 4 inches. 
The peripheral speed of the rotor under normal con- 
ditions of working will attain a maximum of 142 feet 
per second. The engines have been designed with 
the greatest care, and in them have been incorporated 
the latest advances in turbine construction. Especial- 
ly is this true of the casings, which have been care- 
fully proportioned to resist circumferential stress with- 
out undue weight. By the use of the turbine, and by 
great increase in displacement, it has been possible to 
add enormously to the engine power in order to obtain 
the increase in speed, though this is comparatively 
slight in itself. Experience has given some interesting 
figures bearing upon this question. Thus twenty years 
ago the ratio of power to displacement for a 20-knot 
speed was 1.35 to 1; for 22 knots ten, years ago, 1.66 
to 1; and to-day for 25 knots, it is 1.8 to 1. Conse- 
quently, for an advance in speed in twenty years equal 
to 25 per cent, the power has increased from 14,000 
to 68,000, or nearly 400 per cent. It is true that with 
the improved economy the coal consumption per unit 
of power is considerably less—25 per cent; but not- 
withstanding the shorter time taken on the voyage 


from Liverpool to New York, owing to increased 


speed, the total tonnage of coal has gone up from 
1,900 to 5,000 tons, a consumption of nearly 1,000 tons 
a day. 

The keel plate of the vessel is 5 feet in width and 
3% inches in thickness, and is flush with the outer 
bottom of the ship. Associated with this flat keel is 
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of 22-inch links, the iron of which is 3% inches ‘py 
diameter, while the weight of each link exceeds | ) 
pounds. 

The passenger accommodation has been carried » 
upon a lavish scale, and owing to the immense size | ; 
the vessel it has been possible to give a clear hei: 
of 10 feet 6 inches between decks, so that the apa 
ments are spacious in proportion. The ship can car), 
550 first-class, 500 second-class, and over 1,200 thi, |. 
class passengers, bringing the total floating popu! 
tion, with a full complement of passengers and \) 
officers and crew, up to 3,200 souls. Approximat: 
one-half of the crew will be required for the mach; 
ery department of the vessel. Two large electric « 
vators are provided for the convenience of passeng: 
while there are six similar lifts for the handling «; 
mails, freight, and for other purposes. Twelve hi: 
dred side-lights and windows, including 500 cat)» 
ventilating lights, provide natural illumination on a 
liberal scale. Artificial illumination will be provided 
by 5,000 incandescent lights, requiring a total leneih 
of wiring of 200 miles, with main cables 1% inch 
thick. The various staterooms and saloons will be 
equipped with telephonic communication with the 
chief steward, and similar facilities will be provided 
throughout the navigation, engineering, and adminis- 
trative departments of the vessel. The lookout men 
will also be in communication by telephone with the 
navigating bridge, which is placed 110 feet above the 
keel. The vessel will be provided with Marconi wire- 
less telegraphic apparatus. 

The vessel’s great speed will enable her to cover the 
distance between New York and Queenstown in four 
and a half days, and it is estimated that the expenses 
of the round trip will approximate $100,000 a day. 
The total cost of the vessel, when completed, will be 
nearly $2,250,000, and the expense of maintenance 
and depreciation will aggregate some $150,000 per 
month. 


READY FOR THE LAUNCHING. THE “LUSITANIA” ON THE WAYS, SHOWING THE PORT PROPELLERS. 


of hull most suitable for the contract conditions was 
ascertained by exhaustive tests with models in the 
experimental tank of the British Admiralty, and in a 
similar one especially constructed at the Brown ship- 
building works. 

The form of the stern and the propeller distribution 
offered novel difficulties which, it is believed, have 
been successfully overcome by careful design after 
systematic experimenting. Notwithstanding that the 
wing propellers are set well forward of the inner pair. 
the blades of the former do not project beyond the 
fore-and-aft beam line of the vessel. This is largely 
due to the great beam, 88 feet, and the very fine run. 
The vessel is 785 feet long over all, and 760 feet be- 
tween perpendiculars. The extreme width is a sig- 
nificant advance in the design, and has resulted in a 
very handsome model. The departure from accepted 
structural principles is shown in the fact that the 
length of the “Lusitania” is only 8.63 times the beam, 
whereas in vessels constructed a decade ago the factor 
is well over 9. The molded depth, further, is consid- 
erably greater than that in earlier ships, and in addi- 
tion there is an added deck, making eight of these 
in all. The propeller shafts are inclosed within the 
framing, which is bossed out for the purpose, and 
the hull aft is cut away, forming an arch and allow- 
ing the propellers to work in free water without over- 
lapping of the blades. The great beam gives the ves- 
sel exceptionally stable qualities, and the construction 
throughout is such that the “Lusitania” will probably 
be not only the fastest ship of her class, but the most 
strongly built as well. 

The steam-generating piant includes twenty-five 
boilers having a total of 192 furnaces. The boilers 
are arranged in four separate compartments, each of 
which has a large oval funnel, 24 feet across the larger 
diameter and 155 feet in height from the keel. The 
total grate area of the furnaces is nearly 4,000 square 
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a vertical keel 5 feet high by 1 inch thick, to which 
are attached the main frames of the hull. The double 
betiom is divided inte compartments for the stowage 
of the water ballast. The water-tight compartment 
system is carried out wherever possible, and the lower 
deck is made completely water-tight, below it being 
the orlop and lower orlop decks with the main, upper, 
shelter, promenade, and boat decks above—eight in 
all. Compartment communication by means of water- 
tight doors which can be operated from the bridge is 
incorporated throughout the construction. The steel 
plates covering the frames and forming the skin of 
the hull have a thickness of 1% inches, and in all, 
including decks, bulkheads, and casings, 26,000 plates 
were used, the largest. being approximately 40 feet in 
length and weighing about 5 tons. To secure these 
plates in position, over 4,000,000 rivets were used, 
aggregating 500 tons in weight. Some idea of the 
extent of the ribs and framing employed in the struc- 
tural work may be gathered from the fact that if these 
were placed end to end, they would reach for a dis- 
tance of 30 miles. 

As the vessel is being subsidized by the British 
Navy Department, it is built in accordance with cer- 
tain. requirements of the Admiralty, among which were 
the specifications that there be two sets of steering 
gear, one placed below the water line, and that the 
bunker arrangement be such as to protect the motive 
equipment when the vessel is used as an armed 
cruiser. The offensive armament in time of war will 
comprise twelve 6-inch guns. 

The ground gear is the strongest that has yet been 
built for marine purposes, and will be ample to hold 
the 45,000-ton vessel, even in such swift-flowing tidal 
streams as the Mersey. The three anchors each weigh 
10 tons, and are provided with 1,800 feet of cable 
which, in its turn, is the largest that has so far been 
made. The chains are hand-forged and are composed 


The great size of the hull, weighing, ready for 
launching, 16,000 tons, is well illustrated by the fact 
that the stern frame weighs 50 tons, and the propeller 
brackets 30 tons. These are of cast steel, and are 
hydraulically riveted in place. The brackets for the 
wing propellers have heavy flanges, and are built di- 
rectly into the frame of the ship. The balance rudder 
has a framing of steel, and weighs nearly 65 tons, the 
rudder head being 2514 inches in diameter. Up to 
the present time a draft of 29 feet was considered 
enormous; this dimension of the “Lusitania,” how- 
ever, is 33 feet. The designers of the ship believe 
that the deeper immersion of the propellers will so in- 
crease the efficiency of their operation, that the greater 
skin resistance due to the increased wetted surface 
will .be more than counterbalanced. At the present 
writing everything points to the success of the design 
involved in the construction of these two vessels. It 
is hoped that within a year the “Lusitania” will be 
ready for her trial trip across the Atlantic, and that 
she will then demonstrate in practice the success of 
the theories upon which she was constructed. 


THE ACTION OF SEA WATER UPON CONCRETE. 
By J. Watr SANDEMAN. 

Ir has been known for a considerable time that 
chemical action takes place between the acids con- 
tained in sea-water and the lime contained in Portland 
cement; and that if Portland cement concrete be made 
porous or permeable, so as to enable sea water to act 
continuously throughout its mass, the cement will 
gradually become disintegrated, and ultimately be de- 
stroyed by such action. 

This has happened, and is still happening, to a num- 
ber of dock and pier works both in this country and 
abroad; and that such destruction has been due to the 
porosity of the concrete and the action of sea water 
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upon it has been proved by investigation of concretes 
in k works that have failed. 

While the author has had experience of this destruc- 
tive action of sea water, he has also had abundant 
proot of the permanent stability of dock and pier 
woiss Whieh he has constructed in impervious con- 


ere 
ROPOSED STANDARD PROPORTIONS FOR CONCRETES. 


\\ th the view to arrive at standard proportions for 
eoncretes which would enable them to permanently re- 
sist (the action of sea water, the author has carefully 
stv ‘ied the question, and the following record of the 
res its at which he has arrived is based on actual tests 
an long experience in the construction of dock and 
pi: works in concrete; and although the proportions 
re ommended, and the system of measuring sand and 
ag vegates separately differ from ordinary practice, 
ye the author contends that for sea works, and par- 
ticctarly for graving docks, should proportions be 
used other than those proposed in Tables I. and IT., 
there would be risk of percolation by sea water, which 
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taken at the maximum, viz., 40 per cent for gravel, 
and 54 per cent for broken stone. 

These reductions combined make a total reduction 
between the volume of the dry materials, and that of 
the concrete, varying from 35 per cent for concrete 
in the proportion of 1 cement, 2 sand, 3 gravel, to 44 
per cent for concrete in the proportion of 1 cement, 4 
sand, 7 broken stone. 

DISPLACERS. 

The proportion of ordinary-sized rubble displacers 
which can be satisfactorily deposited by hand in con- 
crete was ascertained by the author not to exceed one- 
fourth of the volume of the set concrete. 

MODE OF ASCERTAINING WEIGHTS OF MATERIALS AND 

RELATIVE COSTS OF CONCRETES. 

Taking, as an example, impervious concrete in the 
proportion of 1 cement, 2 sand, and 3 gravel with dis- 
placers, the weights of the materials and the cost of a 
cubic yard of concrete will be ascertained as follows: 
1 cement, 2 sand = 3 vols. allow 30 per cent, or 0.9 
vol., for reduction by being made into mortar. Gravel 
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produced from cement and sand, and the ratios of 
mortar to gravel or broken stone. 

It will be seen that more mortar is allowed for con- 
crete in which broken stone is used, as it does not 
yield to treading or ramming like concrete made with 
gravel, and does not allow displacers to sink readily 
into it. Concrete made with broken stone, although 
it can be made impervious when displacers are used, 
is therefore not so well adapted to receive them. 

Concretes Nos. 7 to 10 and Nos. 12 and 13 have a 
ratio of mortar which would not allow of displacers 
being used, and for these the gravel may vary in size 
up to what would be gaged by meshes 2% inches 
square, and broken stone up to what would be gaged 
by meshes 114 inch square. 

The tables show the reduction in cost, without 
diminution in strength of concrete, which is obtained 
by the use of displacers; No. 6 concrete of 1 cement, 
2 sand, 38 gravel, with displacers, costing 19 per cent 
less than the same concrete without displacers. 

The cost of No. 6 is also the same as that of the 
much weaker concrete No. 12, consisting of 1 cement, 
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TABLE I.—Imperviovs Concretes ror Sprctat Parts or WORKS, SUCH AS TABLE IIL.—Orpinary Concoretes (NoT ImpeRvIOUS) FOR FouNDATIONS, 
Arounp GreennearT Dock Sitts anp Gate Quorns. No. 2 CONORETE 18 Retarninc-Wa ts, &c. 
ALSO ADAPTED ror Works Near Low-WatTer LeveL were Exrosep Concrete without Displacers. 
To Or Waves or Strone CURRENTS. 
Concrete without Displacers. VoLumes. 
Volume of Ratio of Unit Coats 
ouw Unit Costs of Con- | uced from Gravel | Sar 
Value of Mortar ao per Cubic Number | Gravel Gauged by Meshes 2} In. | Cement or Broken | Per Cubic 
Produced from | Ratioot Mortar! takin g No. 6 of ement | Sand.) Square, and Broken Stone by | sand. Stone. Yard. 
Number Gauged by Cement and | ,© Gravel or Concrete as the Concrete. } Meshes 1} In. Square. 
of Mer Sand. Broken Stone. | standard of Com- por cont. 
Concrete. j lo. Square. parison. . 1 2 4 gravel 52, 14 
per coat. 8 1 23 5 107 
9 1 3 5 n stone 108 
1 | 12 broken stone 1.75 100 10 238 16.6 
gravel 102 
2 1 it | gravel 1.75 87.5 134 | 
Concrete with Displaccrs. 
TABLE I1.—Imegrvious Concreres ror Marwe Work, such as Sea Piers AND 
Day Docks, atso Reservorn WALLs, &c. Ratio of 
i i Gauged by Mortar to 
Concrete without Displacers. — | — | Meshes | Displacers. Gravel and 
| Square. Displacers. 
OLUMES. 
| Volumeot | Ratio of | tnrit costs per cent. | 
| ——_ — ” of Concretes ll 1 8 4 gravel } cubic yard. 28 48.8 107 
Number Gravel Gauged by Meshes 14 In. |““Goment | or Broken | Per Cubic 
of Cement.| Sand | Square and Broken Stone by | ang gand. | Stone. Yard. 
Meshes 1 In. Square. TABLE IV.—Caearer Conorneres ror WORKS IN WHICH NO GREAT STRENGTH 13 
per cont. 
3 8 gravel 21 70 119 Conerete without Displacers. 
4 1 2 ” 21 60 117 
5 en stone 21 70 115 Cate | 
Volume of | Ratioof | Unit Costs 
Co with Dis 7 | Mortar Pro-| Mortar to lot Ce 
duced from| Gravel 
| Gravel Gauged by Meshes 2) In. . | per Cubic 
Number of iCeme | Cement or Broken. 
nt.| Sand. uare, en Stone by Yard. 
G b Ratio of Concrete. Meshes 1} In. Square and Sand. Stone. 
~ | In. Square. = per cent. 
es 12 1 ‘ 7 broken stone 3.5 50 100 
per cent. 13 1 4 8 gravel 185 43.7 97 
6 1 2 3 gravel } cubic yard 2.1 48.8 100 —_— 
Concrete with Displacers. 
Note.—For concrete deposited in situ under water, also near low-water level, where exposed to 
wash from wayes or tidal currents, no displacers should be used. outiin | pasio of 
au; 
— | — | Meshes 1) |  Displacers. — | — 
would certainly be followed by disintegration of the 3 vols., allow 40 per Square | | Displacers. 
concrete. cent, or 1.2 vols., for ne poreent. 
TO MAKE IMPERVIOUS CONCRETE. voids occupied by 4 1 4 5 gravel 4 cubic yard | en 86 
mortar. Total, 6 vols., 


Permeability in concrete is due either to the porosity 
or the insufficiency of the mortar, or to faulty manipu- 
lation of the materials. For impervious mortar the 
maximum proportion of sand must not exceed two 
parts to one of cement. For impervious concretes the 
volume of the mortar must be in excess of that of 
the maximum voids in the aggregates, so as to fill 
these and surround the aggregate. To effect this the 
most extreme conditions which can occur in practice 
must be allowed for, viz., maximum reduction in vol- 
ume of cement and sand when made into mortar; 
maximum voids in the aggregate; and unavoidable 
irregularities in manipulation of concrete. 

For impervious concretes in which displacers are 
used it is necessary that the size of gravel be limited 
to what would be gaged by a sieve with meshes 114 
inch square, and broken stone to what would be gaged 
by meshes 7% inch square. When gravel is above that 
size it separates from the mortar, accumulates togeth- 
er while being deposited, and causes voids in the con- 
crete, 

The proportions of materials in Tables I. and II. 
are such as will fulfill the foregoing conditions, and 
(with proper manipulation) produce concretes which 
will perfectly resist the action of sea water. 

VOIDS IN MATERIALS AND REDUCTION IN VOLUME. 

The author ascertained that the voids in gravel vary 
from 34 to 40 per cent of the volume of the gravel, 
and the voids in broken stone from 34 to 54 per cent. 
The reduction in volume of cement and sand when 
mixed and made into mortar varies with different 
ratios of cement to sand, with different ratios of voids 
in the sand, and with the amount of moisture in the 
Sand; damp sand (such as is often used for concrete) 
bulking much more largely than dry sand. 

The author found that the reduction in volume of 
cement and ordinary dry sea sand by being made into 
mortar varied from 12 per cent for 1 to 4 mortar to 
22 per cent for 1 to 1 mortar, and that the redtction 
in volume for 1 to 1 mortar when the sand was damp 
increased to about 30 per cent. 

Taking the maximum reduction in volume of cement 
and sand when made into mortar at 30 per cent, the 
only other reduction between the volume of the dry 
materials used and of the concrete produced is that 
due to the amount of mortar which goes to fill the 
voids in the gravel or stone. These voids should be 


reduced by 2.1 vols.= 

35 per cent reduction, or the ratio of dry materials = 
1.538 to 1 of concrete. 1.538 cubic yards = 41.5 cubic 
feet, which, divided in the ratio of the materials, viz., 
1—2—3, will give: 


Assumed 
Rates per 
Ton. 
6.8 cubic feet cement * 851% Ib. s. d. 
at 28s 7 
3.8 cubie feet sand x 85 Ib. = 
20.8 cubic feet gravel x 112 Ib. 
41.5 12 0 


Average cost of mixing and conveying 
materials, including use of plant 


Timber boarding and water.......... i 3 

16 3 

Contractors’ profit (say) 15 per cent.. 2 6 
Cost of 1 cubic yard of concrete with- 

Deduct one-fourth for displacers...... 4 8 

14 0 


Add 4 cubic yard = 6% cubic feet of 
stone as displacers xX 140 Ib. per 
cubic foot = 8.44 ewt. at 4s. per ton. 1 8 


Cost of 1 cubic yard of concrete with 


The foregoing estimated cost would be about 5 per 
cent above the average cost of concrete estimated in 
the same way, on account of maximum reduction of 
cement and sand, and maximum voids having been 
taken. 

The tables herewith show proposed standard pro- 
portions for concretes for sea works, and concretes for 
general purposes, and their relative costs estimated in 
the foregoing manner; also the volumes of mortar 


4 sand, and 7 broken stone without displacers.—Engi- 
neering. 


Telluric Currents.—M. Guarini recently presented 
to the Société Belge d’Astronomie his theory relative 
to telluric currents, which has occasioned much in- 
terest in scientific circles. The causes of currents 
passing through the earth are generally external. He 
holds that none of the former theories enunciated for 
their explanation, assigning the influence of the wind, 
of the aurora borealis, of rain, storms, electro-chemi- 
cal effects, pays attention to the incontestable fact 
that there is a telluric current, of well-determined 
direction, proceeding from northwest to southeast. 
Now, «@ constant effect cannot be due to causes so vari- 
able and intermittent. These atmospheric perturba- 
tions produce, some by friction (the wind), others by 
induction (hail, rain, clouds), variations of potential 
at certain points. Fluctuations of potential occasion 
at times sudden variations in the intensity, and even 
in the direction of telluric currents. The telluric cur- 
rent of constant direction cannot be due to a cosmic 
effect; that is, to the rotation of the earth around the 
sun. By the rotation of the earth a current would be 
induced in the atmosphere of opposite direction to 
that of the rotation (as in dynamos). The variable 
current induced in the atmosphere would in its turn 
induce in the terrestrial crust a current of opposite 
direction; that is, of the same direction as the rota- 
tion of the earth. The sun induces a positive charge 
in bodies exposed to it. On the other hand, it fol- 
lows from demonstrations, particularly of Palmieri, 
that the current of the earth is a current induced by 
the atmcspherve. As the earth revolves from west to 
east, it has the same direction as the constant telluric 
currents. Ii is possible, as Ampére maintained, that 
it is the teiluric current that produces the deviation of 
the magnetic needle. In addition to other advantages 
of telluric currents, they are useful in agriculture, 
since they decompose chemical products met with in 
the soil, and form others more assimilable by plants. 
M. Jacobs, the president of the society, while warmly 
felicitating the author on the originality and practi- 
cal importance of his views expressed the opinion that 
they would aid in elucidating numerous electrical 
phenomena in the physics of the globe. 
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INTERNAIL-COMBUSTION MOTORS.* 
By Ducato Cierk, M. Inst. 


Dunine the past twenty-five years engineers have 
applied internal-combustion motors to all manner of 
uses, in powers ranging between the tiny ',-horse 
power motor and the huge 2,000 horse-power engine 
They have adapted the motors to the consumption of 
many different kinds of inflammable gases and vapors, 
and they have continually increased both mechanical 
and thermal efficiency, until, at the present time, these 
motors compete with steam in almost every field. For 
small and moderate powers their advantages greatly 


pensive per heat-unit than‘ the cheaper coals which 
could be used under steam boilers. This led to the 
application of producer-gas by Mr. Dowson, which ex- 
iended the gas-engine field by reducing the cost per 
heat-unit to less than half that of coal-gas. Later, the 
heavy hydrocarbons were pressed into the service, in 
the form of paraffin and petroleum oils, and this 
widened the field to include agricultural motors and 
motors required in positions where no town’s gas or 
producer-gas was available In this field engineers 
are indebted principally to the kubors of Messrs. Priest- 
man and Messrs. Hornsby. 

Light hydro-carbons had been early utilized in these 
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outweigh those of steam; and, accordingly, we find 
that here they have displaced steam and revolution 
ized the application of power in towns for the tin 
dustries requiring only moderate forces At first these 
motors were practically limited to the use of town 
gas; and, although the heat efficiency was much su 
perior to that of, steam, vet the gas-fuel was more ex 
* Being the “ James Forrest" Lecture, delivered at the Institution of 


Civil Bagineers, Seaeton 1905-144 Excerpt Minutes of Proceedings of 
luetitution of Civil Engineers, Vol, civiili, Seasion 1908-1004. Part iv, 
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motors; but it required the advent of the motor-car, 
with the beautiful small high-speed engines originated 
by Daimler, to make petrol consumption a matter of 
commercial importance. The production of these pet- 
rol-engines is now conducted in all countries on a very 
large scale indeed; and the desire to utilize local in- 
flammable material has led to the use of alcohol in 
similar small motors specially arranged for that fuel. 

The demonstration by Mr. B. H, Thwaite in 1895 that 
the so-called waste-gases from blast-furnaces could be 
used in gas-engines has led to the introduction of the 
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very large gas-motors now becoming common both cy 
the Continent and in this country. 

Other gases are utilized for these motors: in An r- 
ica natural gas and wood-gas; and in Britain and .y 
the Continent water-gas and coke-oven gas. In mio. 
ing these numerous applications the engineer has » «1 
all manner of difficulties—mechanical, physical, and 
chemical; and, with the assistance of such scient ic 
knowledge as existed, he has overcome Many, 4: 
skillfully evaded others. 

Much has been done, but more still remains to \e 
done before finality can be said to be even approxi- 
mately attained. 
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It is my privilege to-night rather to point out what 
remains to be done than to describe what has already 
been done. Nevertheless, it is desirable to say some- 
thing as to what has been done, in order to appre- 
ciate from past history the probable line of future 
progress. In the past the work of the physicist, the 
chemist, the engineer-physicist, and the engineer has 
been fully called upon to enable the existing position 
to be attained. Much knowledge is now available on 
multifarious points in connection with the motors, 
and they are undoubtedly better understood today 
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than at any previous time. Many old fallacies have 
dis: ppeared, although, unfortunately, some new ones 
have taken their place. Much difference of opinion 
sti! exists on physical and chemical! points of the high- 
es! abstract scientific interest; but all are agreed, so 
far as practice is concerned, on certain main features. 
These leading features are: initial compression of the 
working fluid, exposure of the flame to the smallest 
arca of cooling-surface for the shortest time, and the 
uss of the lowest flame-temperatures consistent with 
hich available pressures. In many cases motors de- 
victe somewhat from these understood requirements; 
generally not from ignorance on the part of the de- 
sicners, but from some stern practical necessity. Some 
of these matters, both practical and scientific, will 
be here discussed. 
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the motor. These improvements have related to the 
economical production of ordinary coal-gz to the 
effective production of producer-gas from anthracite, 
bituminous non-caking coal, coke, and other solid 
fuels; to the treatment of heavy and light hydro-car- 
bons and alcohol, to produce an effective inflammable 
vapor; and to the purification and collection of blast- 
furnace gas, coke-oven gas and natural gas. 

With regard to mechanical improvements, four well- 
marked divisions may be considered: (1) Motors for 
town gas; (2) motors for heavy oil; (3) motors for 
light oil and aleohol; and (4) motors for producer 
and blast-furnace gas. 

To illustrate these four divisions the following dia- 
grams have been prepared: 

Fig. 1 is an example of an engine of standard type 
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Development has followed two main lines. First, 
improvements relating to the motor itself, including 
changes in the thermo-dynamic cycle, followed in the 
treatment of the working fluid and the inflammable 
gas within the motor by the modification of such de- 
tails as admission-valves, igniting devices, governing 
devices and water and air-cooling devices: starting- 
gear has also been carefully studied, and, both from 
the thermo-dynamic and the mechanical point of view, 
it may be safely said that these motors have attained 
a great measure of perfection. Second, parallel with 
the improvements relating to the motor itself have 
proceeded those relating to means of generating the 
inflammable gaseous or vapor fuel intended to operate 
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for town gas, giving about 68 horse-power, as made 
by the National Gas Engine Company, Limited. 

Fig. 2 is a sectional plan of a Hornsby heavy oil 
engine. 

Fig. 3 illustrates the carbureter arrangements and 
ignition connections of a Daimler engine of 60 horse- 
power, made by the Daimler Company at Cannstadt, as 
used in the Mercedes car which won the Gordon-Ben- 
nett race last vear. 

Fig. 4 is drawings of a 22-horse-power Daimler mo- 
tor, which was used in one of the successful competing 
ears at the Automobile Club trials of last year. 

These engines—the Mercedes and Daimler—operate 
with petrol, 
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Fig. 5 shows the most recent form of Crossley en- 
gine for producer and blast-furnace gases. This is an 
engine of 500 horse-power. 

Fig. 6 illustrates the latest “National” gas engine, 
intended to indicate 300 horse-power in one cylinder, to 
be used for operation with producer or blast furnace 
gas. 

Fig. 7 shows in section a 250-horse-power engine of 
the well-known “Premier” type, also for producer or 
blast furnace gas. 

Fig. 8 shows a 600-horse-power Crossley engine of a 
somewhat different type. 

The engines of moderate size, such as 60-horse-power 
engines, are built without water cooling applied either 
to the piston or to the exhaust valve, but in larger 
engines, such as the large “Crossley” and “Premier” 
engines, both pistons and exhaust valves are carefully 
water cooled. 


Fig. 1. National gas-engine of 68 brake-horse-power. Dt- 
ameter of cylinder, 14 inches; stroke, 22 inches; speed for 
ordinary work, 160 revolutions per minute; speed for electric 
lighting, 200 revolutions per mirute. 

Output at 160 revolutions per minute, 56.5 brake horse- 
power; output at 200 revolutions per minute, 68.5 brake 
horse-power: thermal efficiency indicated, 29.5 per cent; me- 
chanical efficiency, 85 per cent+for electric lighting and 87 per 

1 1 
cent for ordinary work, —=——. 
r 5 

This Otto-cycle gas-engine is a good example of typical 
English design; it has three lift-valves, viz., charge-inlet, ex- 
haust, and gas-supply. The gas-supply valve is governed by 
the “hit-or-miss” method. In many of these engines electrical 
ignition is adopted by means of a magneto-machine and a 
contact-break within the cylinder, For the smaller engines 
tube-ignition with a timing valve is used. It is built in sizes 
ranging between 2 brake horse-power and 300 brake horse- 
power, 

The indicated thermal efficiency varies between 23 per cent 
in the smallest engine, and 31 per cent in the larger engines. 

The National Gas Engine Company. Limited, have built in 
England more than ten thousand of these engines. : 

rig. 2. Sectional plan of the cylinder and vaporizer of a 
Hornsby heavy-oil engine. 

In the latest form of this. the most successful of all the 
heavy-oll engines, the combustion chamber is divided into two 
parts, the inner with, and the outer without water-jacket. 
The combustion chamber connects with the cylinder by a re- 
duced passage. The inlet and exhaust valves are placed out- 
side the cylinder and communicate with it by a passage. 
The outer part of the combustion chamber is heated by a 
lamp, then oil is injected, and the engine is started by hand 
if small, and by compressed air if large. The heat of the 
combustion chamber vaporizes the oil and also ignites the 
vapor, and the temperature is kept up to a sufficiently high 
point by the beat of the suecessive explosions. The ignition 
is due partly to the wall temperature and partly to the heat 
of compression in the hot combustion chamber, This engine 
thus operates without other igniter than the hot walls. The 
large port and valve surface is necessary to perform the 
various operations of vaporizing the oi] and mixing it with 
the air charge and igniting it during compression The ar- 
rangements enable ignition to be automatically timed and pre- 
ignition to be avoided, but they involve large cooling surface 
and comparatively low compressions. The thermal efficiency 
is therefore unavoidably lower than that of a gas engine of 
corresponding power. This is clearly shown by a_ test, by 
Prof. Robinson, of an engine having a eylinder of 14.5 inches 
diameter and 17 inches stroke, running at about 200 revolu- 
tions per minute, with Russoline of specific gravity of 0.825. 
The compression was 60 pounds per square inch above atmos- 
phere, the maximum pressure 168 pounds per square inch, 
a! the mean pressure 44.4 pounds per square inch, at full 
one 
The indicated thermal efficiency was 21 per cent, and the 
mechanical efficiency 84.2 per cent. This engine is the most 
extensively used of all the heavy oil-engines of the world, 
Messrs. Hornsby having built many thousands of them in 
England. The suecess of this engine shows very clearly that 
it is often better to be content with a lower heat efficiency 
in order to obtain a practical engine, free from delicacy of 
construction and easily kept running under the most adverse 
conditions. 

Fig. 3. 60-horse-power Daimler petrol engine of the Mer- 
ooies car, which won the Gordon-Bennett race In Ireland in 
902 
Four-eylinder engine: Otto cycle: diameter of cylinders, 5 
inches: stroke, 6% inches, giving full power at 1.200 revolu- 
tions per minute: specific gravity of petrol used, 0.68 to 0.70; 
float carbureter and jet feed: float-chamber fed from_ petrol 
tank under slight pressure, about 0.02 atmosphere, which is 
generated before the engine starts, by means of a hand-pump. 
While the engine is running the pressure is kept up auto- 
matically by means of the exhaust gases, the pressure being 
controlled by a safety valve. The engine suction operates the 
petrol-jet and air flows In around the fet and mixes with the 
spray produced by breaking up the jet on an opposed surface. 
The volatile petrol evaporates in the supply passages, so that 
an inflammable mixture of air and petrol-vapor enters the 
cylinder, without liquid or spray. Both inlet and exhaust 
valves are positively onerated by cams on the “2 to 1” shaft. 
Ignition is obtained by a rotating electro-magnet. with a 
contact-break within the cylinder. Arrangements are pro- 
vided for advancing or retarding the spark. and governing is 
effected by throttling the mixed charge between the carbureter 
and the inlet valves, The centrifugal governor can be varied 
by a lever to control the speed between 300 and 1,200 revo- 
lutions per minnte A lever is also arranged to control the 
throttle independently of the governor. 

The cooling is effected by water-circulation and “bee-hive” 
or “honey-comb” cooler. The water ts cireulated by a force 
pump from the water jacket to the cooler, which consists of 
a multitubular chamber in which air passes through the 
tubes and water through the spaces between the tubes. The 
air is forced through the tubes. partly by the motion of the 
ear and partly »‘y a fan which forms part of the engine fly- 
wheel. Lubrication is automatic from a central distributing 
vessel, which is kept under slight pressure by the exhaust 
gases 

The car and its engines were built by the Daimler Motoren 
Gesellschaft, Cannstadt This company builds four sizes of 
engines, viz., 18, 24. 25. and 60 horse-power 

The maximum speed attainable by this car running on the 
level exceeds 70 miles per hour While in Algeria in Janu- 
ary, 1904, the lecturer had the pleasure of several runs in 
this car at high speed with the owner, Mr. Mark Dinsmore, 
and at that time he made a careful inspection of the car and 
its engines. 

Fig. 4. 22 horse-power Daimler petrol engine. The en- 
gine was that of one of the gold medal cars in the 1,000 
miles reliability trials of the Automobile Club in 1903. 

Four-cylinder engine Otto eyele: diameter. 4 inches; 
stroke, 5 inches: built by the English Daimler Company. 

Fig. 5. Crossley gas engine of 500 horse-power; tandem 
double eylinder: double-acting: Otto cycle. Cylinders 25 
inches in diameter: stroke, 36 inuches: watered pistons, 
piston-rod and exhaust-valves. The exhanst valves are fitted 
with balancing pistons which communicate with the cylinders 
by means of several pivot valves, which are opened just be- 
fore the exhaust valve Is to be opened. This reduces the 
pressures which come upon the cams, levers, and side-shaft, 
Magneto ignition. Governing by means of a charge-cut-off 
piston valve, which is operated by the engine suction. The 
governor determines the point of the stroke at which the 
suction operates by acting on a relay valve which admits 
atmospheric pressure to the back of the piston valve and 
allows it to operate. 3y this relav-valve and afr-operated 
control valve the governor is relieved of all heavy work. 

This engine is now in course of construction at Messrs. 
Crossley’s works, and it possesses many features of interest in 
detail arrangements. 

So far the number of large gas engines built in England is 
somewhat small. but Messrs. Crossley have built and sol 
more than 50.000 gas and oil engines of various sizes——the 
largest number of any firm in the world. 

Fig. 6. “National” gas engine of 300 indicated horse- 
power: cylinder, 21 inches diameter and 34 inches stroke; 
160 revolutions per minute; designed to indicate more than 
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300 horse-power with 130 pounds per square inch mean pres- 
sure. This engine Is now being built at the National Gas 
Engine Company's works, 

It is intended to operate on the lecturer's new principle of 
low flame-temperature and high mean pressure. In large gas 
engines of ordinary construction the flame-temperature is 
sometimes low, but it is accompanied by low effective pres- 
sures. In this engine the maximum flame-temperature is in- 
tended to be about 1.200 deg. C., but the charge-weight Is so 
increased by the addition of air under pressure at the end 
of the ordinary charging stroke that, notwithstanding low 
maximum and mean temperatures, the mean pressure is about 
per cent in excess of the mean pressures usually found, 
‘This engine is intended to reconcile conditions which are us 
ually supposed to be conflicting 

The exhaust valve is balanced. The charge-inlet and the 
gas valves are operated from a transverse shaft driven from 
the main valve shaft Governing is effected by a modification 
of the usual “hit-or-miss” method Ignition is by magneto. 
The front of the cylinder is Inclosed so as to form an air 
pump Air ts admitted to this pump by an operated valve, 
and the air is compressed into a water-jacketed chamber 
which communicates freely with ports overrun by the piston 
on its forward movement On one stroke the pump supplies 
a seavenging charge to displace the exhaust gases, and on 
the other stroke it supplies air to increase the pressure in the 
cylinder to about 7 vounds per square inch above atmosphere 
before the piston closed the ports overrun by it on its com- 
pression stroke 

Fig. 7. “Premier” gas engine of 250 horse-power; Otto 
cyele; 24 Inches dlameter by 30 Inches stroke 

The figure Ulustrates one of the earlier forms of this well 


known engine All forms, however, include the feature of 
senavenging out the products of combustion from the compres 
sion space by means of a charge of air taken In and com- 
pressed by a separate pump The pump is formed by the ex 
panded end of the piston Thé piston and exhaust valve are 


watered, and ignition Is by magneto 

Vig. (Crossley gas engine of 600 horse-power;: cylinders, 
38 inches diameter by 36 Inches stroke; Otto cycle; opposed 
cylinder type: watered pistons and exhaust valves; balanced 
exhaust valves: tgnition by hot tubes or magneto Messrs. 
Crossley have been manufacturing this type of large gas engine 
for about five years. 

(To be continued.) 


UTILIZATION OF WASTE MATERIALS. 

Uvinization of Amber Scrap. It has been attempted 
to weld the pieces together by heat; these attempts 
have not, however, been very successful, as the re- 
sulting mass loses much of the beauty of its coloring, 
being more or less browned by the heat. A _ better 
method is the following: The pieces, arranged accord- 
ing to their size, are treated for several hours with sol- 
vents, such as carbonic disulphide, ether, etc., whereby 
a plastic mass is formed. This mass is spread on the 
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table, so that the excess of the solvent may evaporate, 
and then forced into molds with strong pressure. 

In some cases it is advisable to use a moderate heat, 
in order that the pieces may join better and be more 
easily pressed into the molds. 

This treatment gives the resulting pieces the shape 
required for their purpose; they are then worked fur- 
ther in the ordinary manner and finally polished. 

Whereas the scraps welded together by the old 
method are very brittle, the pieces obtained by the pro- 
cess just described are remarkable for their great elas- 
ticity. Holes may be bored in them without danger 
of splitting or crumbling, which is extremely liable to 
happen to pieces welded by heat alone. 

To obtain articles with a cloudy or spotted exterior, 
pieces of hard amber should be mixed with the mass. 
If these are variously colored, they will give an appear- 
ance of originality to the article. 

Utilization of Paraffine Waste. The soda lyes which 
have been employed in purifying the oils contain cred- 
sote, part of which is used directly as creosote-soda 
for preserving mining timber and part worked on for 
carbonic acid. For this purpose the lyes are saturated 
with the sulphuric acid, which has been likewise used 
in purifying the oil, till a strong acid reaction is ob- 
tained. In this case sodium bisulphate is formed, 
which is more soluble and less obstructive to the elimi- 
nation of creosote than the only slightly soluble neu- 
tral salt. The salt lye is set to crystallize and the 
crystallized salt sold to soda or glass factories 

During the process of decomposition with carbonic 
acid, obtained, according to L. Grotowsky, from burn- 
ing coal, the mixture, composed of equal parts of creo- 
sote-soda and water, must be cold. Carbonic acid is 
introduced till the fluid is saturated and has frothed 
violently for about an hour. The separated soda so- 
lution is evaporated till dry, annealed, dissolved in 
water and rendered caustic with lime; finally the caus- 
tic lye is drawn off from the lime-paste and evapor- 
ated to 35 to 38 deg. B. The soda-lye prepared in this 
manner still contains impurities and can only be used 
for separating creosote from crude oils. 

Part of the creosote eliminated by either of the above 
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methods, after being washed in water, is put directly 
on the market and may be used for preserving tele- 
graph poles, railway sleepers, etc.; also as a disinfec- 
tant. When distilled, it yields a strong smelling, thin 
oil of 0.965 sp. gr.; it is sold under the name of creo- 
sote oil and used as a disinfectant or in the preparation 
of phenol colors. By dissolving repeatedly in soda lye, 
decomposing with sulphuric acid and rectifying over 
iron shavings and subsequently over green vitriol, a 
pure white oil is obtained. The article produced in 
the mineral oil manufactories of Saxony and sold as 
creosote, consists, according to Grotowsky, of nothing 
but phenic acid and cresy! hydrate. 

The acid resin drawn off from the mixing apparatus 
is mixed with hot water in suitable vessels and washed 
with live steam; when allowed to stand, the empyreu- 
matic resin will then be separated at the top. The elim- 
inated acid, colored black by organic matters, is sold 
at the strength of 40 to 50 deg. B. to manufacturers of 
superphosphate and used by the latter in the prepara- 
tion of phosphorite and animal charcoal. The resin 
is well washed and, after being mixed with any unused 
creosote, subjected to distillation, more or less creosote 
oil being removed according as mineral tar or asphalt 
is desired. 

The animal charcoal used for beautifying the paraf- 
fine is boiled out with water, allowed to smolder in 
horizontal retorts for the recovery of the last paraffine 
and finally worked into superphosphate. 

Utilization of Furrier’s Waste. The furrier’s business 
yields a large quantity of waste matter. Some of this 
may be made into fresh furrier’s goods by careful and 
neat workmanship, but this is the case with only a 
small proportion. Much of the waste, however, even 
when it consists of very small fragments, forms valu- 
able material for hat makers; no furrier, therefore, 
should neglect to keep a basket by his side while op- 
erating, as a receptacle for waste, so that the latter 
need not get soiled on the floor and afterward picked 
out from a quantity of rubbish. We proceed to give 
some hints on the various uses to which the scraps 
may be put. 
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Scraps of gray monkey skin are used as filling for 
the star-shaped or circular mosaic fur coverings for 
footstools. 

Astrakhan, with the claws and heads carefully fitted 
together, supplies the material for the coverings for 
gloves and hunting muffs. 

Bearskin scraps of every kind are greatly in demand 
for the manufacture of paint brushes. 

Pieces of beaver and muskrat pelt, even when very 
small, are in great request with makers of material for 
hats and fetch a good price. The foreheads of beavers, 
with the rough part turned in front, may also be used 
for the front trimmings for furs; large stumps are well 
adapted for caps. The same applies to muskrat heads, 
the eyes and ear holes being removed by two longitu- 
dinal cuts from the eye to the ear, cut triangularly and 
put together in the form of a star; linings are also 
made of the stumps. 

Badger. Long-haired pieces, such as fall away from 
the middle during the process of cutting the covers for 
knapsacks, form useful material for makers of paint 
brushes. 

Fox. The tails are used in making boas; they are 
also valuable as trimmings for footstools, footbags, 
gloves, ete. 

Goose and Swan. The scraps are plucked and used 
as fillings for muffs (down-bags). Powder puffs can 
be made of the larger pieces. 

Grebes. The wings fitted on to the heads or half, 
small wings may be worked into pretty trimmings for 
caps of seal and rabbit skin or seal and beaver skin. 

Hare. The ears are frequently put together, i. e., 
placed beside each other on linen and sewn together 
and used in the manufacture of hunting caps and muffs. 
This work cannot, however, be recommended. All the 
remaining parts are taken by the makers of hat ma- 
terial with the exception of the black pieces, which can 
only occasionally be disposed of to toy makers. 

Ermine scraps are often purchased by makers of imi- 
tation tails, but only when they are very large and 
handsome, and when ermine skins are expensive. 

Fragments of polecat pelts are bought for making 
linings. On account of their graceful shape, the heads 
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are adapted for the decoration of hunting muffs, or, 
cut triangularly, for mosaic covers for footstools. The 
tails are in demand for making paint brushes. 

Rabbit. The heads, if large, are made into cufis; 
smaller heads are useful for trimmings. Large si\jes 
can often be sewn together for standing collars, «(c. 
The remaining portions, except the black, are used by 
makers of hat material. 

Cat yields but little waste. Good catskins, damag«d, 
are serviceable as tufts in white rabbit-skin mutts, 
The tails have little value and are seldom asked for. 

Lynx. The claws can be worked into cheap triim- 
mings. Otherwise there is little or no waste. 

Marten. The foreheads can be used for mosaic coy- 
ers for footstools. The throats answer the same puir- 
pose, and, with the claws, are serviceable for making 
linings, which are like sable linings, but heavier. The 
tails are in request for trimmings for fancy goo's, 
also as material for paint brushes. 

Mink. The scraps are also sewn together by some. 
The tails, like marten tails, are much used as trim- 
mings and borders for ladies’ dresses, and the fore 
heads for making fur covers for footsiools. 

Nutria skin is a fave@rite material with hat-makers. 

Otter. The waste makes excellent material for hais, 
but the pieces are generally put together, pulled and 
colored by furriers. The tails, when joined together, 
make handsome, durable hunting muffs. 

Sea-Otter. Good pieces fetch a good price and are 
sewn together in Russia, principally for trimmings 
for caps. 

Sheepskins. Large scraps are used for linings io 
footstools. 

Raccoon. Rough sides are sewn together to make 
sleeves, and sometimes linings for furs. The heads 
are used for the front trimmings on black furs, and 
durable trimmings are also made of the tails. 

Seal. Sealskin scraps realize good prices; even the 
smallest pieces are sewn together in England for caps. 

Skunk. The tails are in demand for paint brushes. 
White and black foreheads, nicely put together, fre- 
quently with triangles of black catskin worked in, 
provide very handsome trimmings, especially for fox- 
skin covers. 

Joatskin scraps are bought by makers of paint 
brushes. 

To utilize scraps or parings from rough-dressed 
sheep and lamb pelts, such as those derived from the 
clothing industry, these scraps are generally first 
shaved; the short hair finds its way into cloth fac- 
tories, while the shaved lamb leather is bought by 
makers of blood-lye salts, tauro-colla and artificial 
manure. Gawalowski has discovered a method by 
which not only the wool can be separated, unshort- 
ened and practically unweakened, from the leather for 
spinning and weaving purposes, but the leather itself 
whenever possible can be obtained in a form capable 
of being utilized. 

If the pelts are placed in moderately concentrated 
potash or soda lye, the wool will in a short time be 
entirely detached and a bare greasy skin will remain, 
which, when well washed in water, yields an excel- 
lent material for blood lye salt (prussiate of potash) 
and tauro-colla factories. The alkaline lye in which 
the wool has been detached is well adapted for the 
preparation of ammonia, and in a still greater degree, 
for the animalization of vegetable textile fibers for 
the purpose of rapid dyeing in the manufacture of jute 
carpets and in the weaving of jute furniture stuffs and 
curtains. 

If the pelts are steeped in a concentrated solution 
of ammonia, the skin will be attacked in such a man- 
ner that when the pelts are removed after a time and 
dried, first in the air and afterward at a temperature 
of 30 to 40 deg. C., the leather will only appear in the 
form of pieces of skin which can easily be crumbled. 
All that then remains to be done is to put the wool 
in a willow or beating opener and to card it, and we 
shall obtain on the one hand a wool in an excellent 
condition for spinning and on the other the leather 
waste in the form of powdered skin, skin-grits, or 
flour, supplying a good nitrogenous manure like bone- 
powder or meat fertilizer. 

If the pelts are placed in a moderately concentrated 
solution of alkaline carbonate, or in a potash solution, 
they will swell considerably in from two to five days, 
and the wool can then be easily and completely sep- 
arated from the moist and flexible skin by suitable 
means, producing a leather waste similar to that ob- 
tained by the first method and a wool as in the second 
method. 

This last process combines the advantages of the 
first two and is at once the simplest, the most re- 
munerative, and, even down to the mechanical labor 
involved in removing the wool, the cheapest. Blood- 
lye salt works, more especially, which dispose of “dry 
lyes” worked into black potash, can combine this side 
industry in a rational and lucrative manner with their 
main business, for in the leather they obtain an excel- 
lent ingredient for their mixtures, besides getting 
their black potash ready nitrogenized, while at the 
same time they can secure a by no means insignificant 
profit by reselling the wool. 

With reference to the utilization of parchment-paper 
waste in the preparation of oxalic acid, C. O. Cech re- 
ports as follows: 

The principal point to be kept in view is the thor- 
ough lixiviation of the waste. By the method of mak- 
ing oxalic acid by dissolving sawdust in caustic soda 
introduced by Roberts, Dale & Co., Warrington, Eng 
land, the parchment-paper scraps not only yield a 
plentiful supply of oxalic acid, but are not accom- 
panied by the coloring substances which appear in the 
working of hard woods. 
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The process of treating the parchment-paper waste 
is ‘ve same as that employed in the preparation of 
oxalic acid from sawdust. Further information will 
be ‘ound in the observations on the utilization of saw- 
dus'. J. Upmann, however, remarks with reference to 
Cech's suggestions that the method of converting cel- 
lulose into oxalic acid by dissolving with alkalies is 
not new, since it was established by experiments on 
a sinall seale before the introduction of the process of 
preparing oxalic acid now in vogue; on the other hand, 
it cannot be denied that the idea of utilizing cellulose 
for ‘echnical purposes in the manner described above 
has not hitherto been publicly carried into effect. 
Whether parchment waste is a suitable substitute for 
sawdust cannot, Upmann further remarks, be decided 
offhand, for, apart from the question whether a suf- 
ficient supply could be procured, the scraps would re- 
quire pressing to be transported to great distances, 
complete lixiviation would be attended with greater 
difficulties than are apparent at first sight, and a sub- 
sequent drying of the paper would probably be un- 
avoidable, all of which would involve an expense which 
would be absent in the case of sawdust, but which 
might, on the other hand, be more than compensated 
for by the increased output of oxalic acid. 

Utilization of Waste in Button Turners’ Shops. A 
substance for which no use could formerly be found is 
the lining of the shells whose inner layer consists of 
the socalled mother-of-pearl, and which lining is cut 
away by the turning lathe in the process of making 
pearl buttons. At last the idea suggested itself of 
converting this waste into fine powder. In this way a 
delicate bronze powder was produced, having a silky 
metallic luster, and which could be employed for a 
variety of purposes, especially as it could take on 
every shade of coloring. The trituration of this moth- 
er-of-pearl waste is performed in the same way as that 
of wood when reduced to wood-pulp. The waste is 
ground on a revolving grindstone adapted for the pur- 
pose in such a manner that the scraps are first crushed 
and then put into a cylinder, in which they are pressed 
against the surface of the grindstone by means of a 
stamper. The powder thus produced is then washed 
and when dry put on the market either as it is or 
previously colored. To reduce mother-of-pearl to a 
brilliant dust for use in the manufacture of artificial 
flowers, the shells are first treated in closed boilers 
with high-pressure steam, after which they can be 
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commutator are subject to induced currents, and these 
currents not only do not add to the effective torque 
of the motor, but cause heating of the armature and 
flashing and burning of the commutator and brushes 
to such an extent as to render the operation of the 
motor uncommercial and unsatisfactory. 

Again, where such commutator motors are used 
with the alternating currents it is necessary, in order 
that the self-induction of the motor may not consume 
a very great portion of the electromotive force im- 
pressed upon it, that the fields or fluxes of the motor 
shall be relatively weak in comparison with the fields 
employed with the motor energized by continuous cur- 
rents, and the design necessitated by the use of such 
weak fields increases the size and cost of motors and 
reduces their output. 

Mr. Stanley has discovered that by the use of very 
low-frequency currents—such, for example, between 
three cycles and 15 cycles per second—motors of the 
commutator type may be designed of very low self- 
induction, and therefore free from the trouble arising 
when motors of the commutator type are used with 
generators of high frequency, and that the induced 
currents generated in them will not be sufficient to 
cause serious heating of the conductors or burning or 
flashing of the commutators. He has further discov- 
ered that these very low frequency currents have the 
same advantage of distribution as the alternating 
currents of the frequency heretofore used—that is, 
the energy can be transmitted by alternating currents 
of high potential and at the points of consumption 
transformed by induction into currents of a low po- 
tential of the original frequency. In carrying out the 
invention, he employs alternating currents of a fre- 
quency, say, between three cycles and 15 cycles per 
second, transmitting the energy at high potential and 
transfprming it- at the points of consumption into 
currents of low potential, and there using it to operate 
motors of the commutator type having laminated or 


i 


easily crushed. The use of the powder in making wall- 
paper is said to give very satisfactory results. For a 
surface of one syuare meter 314 grammes are required, 
or about 14 grammes of the powder for a roll of 95x5 
decimeters. The price is 1 pf. per gramme, or 10 
marks per kilogramme. Pearl silver is supplied by 
M. Hess, manufacturer of chemicals in Neufiinfhaus, 
near Vienna.—From the German of Dr. Theodor Kol- 
ler in Handbuch der rationellen Verwerthung, u.s.w., 
von Abfallstoffer aller Art. 


STANLEY'S SYSTEM OF TRANSMITTING AND 
UTILIZING LOW-FREQUENCY CURRENTS. 
AMERICAN engineers are still firm in the belief that 
alternating current is best suited for economical trans- 
mission over considerable distances. But the utiliza- 
tion of power so transmitted requires the use of ex- 
pensive transforming apparatus. William Stanley, 
the well-known inventor of Great Barrington, Mass., 
has inventel “Means and Method of Transmitting 
Power” in which alternating currents are supplied to 
alternating-current motors of the direct-current type. 
The object is to provide a system (particularly use- 
ful for electric railways) in which the principal ad- 
vantages of alternating-current distribution and di- 
rect-current motors are present. Mr. Stanley was 
granted a patent for his invention on April 17, 1906, 
the application having been filed March 10, 1905. 
What follows is condensed from the specifications of 

his United States patent No. 817,998. 

If motors of the induction or transformed type are 
employed it is difficult to cause the time of flow of the 
field flux and the secondary current to coincide—that 
is to say, the flux made by the field coils of the motor 
is not usefully employed at all times or during every 
part of each wave interval, and a counter-torque effect 
is set up by reason of this failure to coincide, with 
the result that the effective torque or effect of the 
motor, especially at starting, is much reduced below 
the value that would be obtained if the currents im- 
pressed upon the motor were continuous in direction 
and of steady value. 

If, on the other hand, a motor of the commutator 
type with laminated or divided iron path for its flux 
is employed with the alternating currents, other diffi- 
culties arise, so that only a portion of the electromo- 
tive force impressed upon the motor terminals is use- 
fully employed, a considerable proportion being em- 
ployed in overcoming the self-induction electromotive 
force of the motor circuit produced by the rapidly al- 
ternating current. Moreover, in such commutator mo- 
tors the conductors of the armature connected to the 
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divided iron paths for the flux. This system may be 
availed of for traction purposes or for transmission in 
which stationary motors are employed. 

In case it is used for traction purposes, Mr. Stanley 
prefers to locate the step-down transformer on the 
car whose motor is to be supplied. In this way the 
advantages of high-potential transmission are pre- 
served without regard to the point on the system at 
which the car may be. Thus a car remote from the 
power house will be supplied with energy without the 
use of any low-potential mains, such as would be 
necessary in case stationary step-down transformers 
were used to supply sections of the overhead conduc- 
tor. The energy would always be transmitted to the 
ear at high potential wherever the car might be. The 
high-potential transmission system in which the trol- 
ley wires themselves constitute the transmission 
mains enables the transmission to be effected with a 
great saving in energy when the same amount of cop- 
per is employed as would have to be employed in a 
low-potential transmission system, and if the same 
loss is to be permitted as would be present with low- 
power transmission, permits the use of a much small- 
er amount of copper, and thus saves in the cost of 
the original installation. It does away with the ro- 
tary converters and relies only on the static trans- 
formers, which by reason of their simple inductive 
action do not require attention by an attendant. 

Any frequency between three cycles and 15 cycles 
per minute produces sufficient change of value to 
enable a current of one potential—as, for example, 
10,000 volts—to be transformed to another of a lower 
potential—as, for example, 500 volts—when applied to 
closed-circuited transformers, a type of apparatus de- 
veloping a maximum inductance from a minimum 
value of current-flow At the same time the trans- 
formed currents may, because of their low frequency, 
be used to energize and operate motors of the con- 
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tinuous-current type of !aminated magnetic circuit, a 
type of apparatus which does not possess as great 
inductance as do the transformers above mentioned, 
and do not, therefore, with such low frequencies de- 
velop induced electromotive forces of sufficient value 
to materially change the characteristics and output 
of such motors from that found when they are oper- 
ated on continuous-current circuits. 

The frequency chosen depends upon the local con- 
ditions of the undertaking, but must be so low as not 
to generate the objectionable electromotive forces and 
induced currents above referred to. 

If currents of a frequency of 25 periods were em- 
ployed to operate motors of the commutator type, some 
20 per cent of the effective electromotive force would 
be consumed in overcoming the self-induction of the 
field, while if a current having a frequency of five 
periods were used only a negligible per cent of the 
effective electromotive force would be thus consumed. 
Thus a motor operated by a five-period current and 
having the same electromotive force of self-induction 
as another motor operated at 25 periods could have a 
field strength of total flux vy 5 times as great and a 
torque Vy 5 times as great as the 25-period motor. 

In the same manner the electromotive force of self- 
induction and the induced currents in the armature 
winding may be reduced to one-fifth their value when 
five-period currents are substituted for 25-period cur- 
rents, a condition that reduces the waste energy in 
such coils to one-twenty-fifth of the amount found at 
the higher (twenty-five-period) frequency. In fact, 
the low frequency permits of obtaining substantially 
the same torque output and operation as may be ob- 
tained by motors operated at zero frequency—that is 
to say, by continuous currents—and yet possesses the 
advantages of generation, transmission and trans- 
formation obtained by employing transformers of the 
usual type. 

A frequency of five periods per second results in 
currents which are well adapted to the service of elec- 
tric locomotion where trolley wires are to be supplied 
with low-potential currents which are to be directly 
supplied to motors, or to the application of power 
where it is desirable to use large values of energy in 
one spot and where, consequently, transformers would 
be of large capacity. When, however, the power is to 
be distributed in smaller units of high potential—as, 
for instance, in the operation of individual motors by 
individual transformers on a number of cars con- 
nected together or singly, in which case the size of the 
motors and their transformers is reduced—the fre- 
quency employed may be advantageously increased 
from five periods to 10 periods or even 15 periods per 
second without involving corresponding disadvan- 
tages. The general rule is that the frequency em- 
ployed shall be inversely proportional to the unit of 
work of the service, a car equipment with its step- 
down transformer and motor being considered a unit of 
work. 

The increase in frequency permits the use of small- 
er transformers and a corresponding decrease in the 
expense of the installation. It must, however, be kept 
so low as not to develop an objectionable electromo- 
tive force of self-induction or to produce large sec- 
ondary currents in the induced members before men- 
tioned. 

Referring to the accompanying diagram, A repre- 
sents a low-frequency exciter consisting of an arma- 
ture having a winding, B, whose coils are connected 
to segments of the commutator, C. D is the field- 
magnet winding of the closed-circuited type, tapped at 
four equidistant points and connected to brushes, FL, 
bearing upon the commutator, C. 

An energizing winding, F, of a low-frequency gen- 
erator is connected to two of the brushes. The mag- 
netic circuit of this generator is laminated. F’ is the 
armature of the generator having a commutator, G, on 
which the brushes, H H’, rest. Since the field of the 
generator is excited by low-frequency currents, low- 
frequency electromotive forces are impressed upon the 
brushes, H H’, the frequency being independent of the 
speed of rotation of the generator armature. 

The primary of a step-up transformer, J, of which 
J is the secondary, is connected to the distributing 
mains. To the distributing mains are connected con- 
ductors, K L, supported in any well-known manner, 
for supplying electrical energy to electrically pro- 
pelled vehicles. MM’ are trolleys mounted on top of 
the car and forming the terminals of the primary, 0, 
of a step-down transformer. P is the secondary of 
the step-down transformer connected to the terminals 
of a series-wound motor, Q, having low self-induction 
and provided with a laminated magnetic path for its 
flux. The motor is mechanically connected to the 
wheels of the vehicle so as to propel it. 

The system being a constant-potential system, the 
motors on other cars are connected to the mains by 
similar devices, the motors on the several cars being 
in parallel with one another. 

It is obvious that other circuits may be connected 
to the transmission mains so as to supply stationary 
motors or motor-generators for power, lighting, or 
other purposes. Thus, for instance, R is a transform- 
er and S is a motor supplied thereby, the two being 
similar to the equipment shown and described on one 
of the electrically propelled vehicles, but connected 
directly to the mains instead of to other conductors, 
with which to engage moving contacts. 


Toilet Vinegar.—In 20 parts by weight of white 
vinegar macerate for fifteen days 2 parts of dried rose 
leaves and 5 parts of triple rose water; when filtered 
it is ready for use.—Cosmos, 
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[Continned from SurrLement No, 1500, page 25474.) 
CANALS: ANCIENT AND MODERN.—IIL.* 

Apnout the year 1757, the Duke of Bridgwater, fully 
acquainted, no doubt, with what had been effected 
nearly eighty years before on the canal of Languedoc, 
in the South of France, and since in different parts of 
the Continent, conceived the idea of a canal for the 
purpose of conveying coals from his estates at Wors- 
ley, in Lancashire, to Salford and Manchester. His 
grace profited, no doubt, by the works of that great 
French engineer, Francis Riquet, and by the advice 
of that great natural and self-taught genius, James 
Brindley, whom his grace called off, about the year 
1758, from his employment as a millwright and en- 
ginemaker in England, to perfect and carry into execu- 
tion the great important schemes which he had pro 
jected. He proposed and brought into Parliament the 
first act with powers adequate to the great and ex- 
traordinary undertaking of cutting a canal of several 
miles in length, not in the direction of any river or 
stream of water, but crossing the course of several 
brooks, roads, ete., and through the lands of a vast 
number of different persons, all of whom were to be 
fully compensated, though deprived of the power of 
withholding their lands or waters, or in any way ob- 
structing the design. In these respects the Duke of 
Bridgwater has not improperly been called the father 
of canals in England, while his engineer, Brindley, by 
his masterly performance on the Duke's canal, altered 
and extended as the scheme thereof was by three sub- 
sequent acts of Parliament, has secured for himself a 
very high place among the great engineers of this 
country. 

In a very few years after Brindley’s death, in 1772, 
an immense number of navigation acts received the 
sanction of Parliament, canals began to be freely quot- 
ed on the Exchange, and in 1790 the canal mania 
began. The Gazette of August, 1794, contained notices 
of eighteen new canals, and the premiums of single 
shares in companies had reached such figures as £155 
(Leicester), £350 (Grand Trunk and Coventry), and 
£1,170 (Birmingham). Canals began to be used for 
passenger traffic, and we read in the Times of Decem- 
ber 19, 1806, of troops being dispatched from London 
to Liverpool by the Paddington Canal, en .route for 
Ireland, a mode of transport which the writer pointed 
out would enable them to reach Liverpool “in only 
seven days’! In the four years ending 1794 some 
eighty-one canal and navigation acts were obtained, of 
which forty-five were passed in the latter two years, 
authorizing an expenditure of over £5,000,000 ($25,- 
000,000). 

There is no class of property that has undergone a 
more remarkable range of vicissitudes than canal own- 
ership. In the early days of the nineteenth century 
the value of canal companies’ shares was much higher 
than that of any railway property has been since that 
time. The price of some cana! shares rose to a hun- 
dred times their nominal or par value. Enormous 
dividends were often paid. In other cases, where the 
navigation had been neglected, the properties were 
very lightly esteemed, and yielded unsatisfactory re- 
sults. The Forsdyke Navigation in Lincolnshire was 
leased about 1840, by the Corporation of Lincoln, to 
a Mr. Ellison for 999 years, at £75 a year. Six years 
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from the period of canal development and enterprise. 
Raw materials, manufactures, and produce were easily 
transported at a reasonable cost between Liverpool, 
Manchester, Staffordshire, Nottingham, and places on 
the route to Hull and northern Europe. 

The Leeds and Liverpool Canal, which was com- 
menced in 1770 and completed in 1816, is one of the 
most important lines of navigation in the United King- 
dom, connecting as it does the Irish Sea and Liverpool 
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after crossing a river or two, it passes through a tup. 
nel to Kendal. 

In the Midlands there are many existing canals, 
some of which are still utilized to a large extent. The 
more important of these are the Worcester and Hir. 
mingham, the Birmingham and the Dudley canals, 
The first of these was constructed under an act ob. 
tained in 1791, which authorized the raising of a capi- 
tal of £180,000 ($900,000) for the purpose. The 


THE MANCHESTER SHIP CANAL, THE LOCKS AT EASTHAM, NEAR LIVERPOOL, 
WHERE THE CANAL ENTERS THE RIVER MERSEY. 


with the German Ocean, and Hull. The works were 
extended over a period of about forty-one years, and 
cost altogether £1,200,000 ($6,000,000). The course of 


*the canal from Leeds is via Kirkstall Abbey, Calver- 


ley, Woodhouse, Apperley Bridge, Skipton, Blackburn, 
Wigan, on to Liverpool. It is the longest canal in 
Great Britain. At Foulbridge there is a tunnel 1,640 
yards in length, 18 feet high, and 17 feet wide. Near 
this tunnel are two reservoirs for the supply of the 
canal. They cover an area of 104 acres, and store up 
12,000 cubic yards of water. The total length of navi- 
gation is 127 miles. 

Among other canals in Engiand may be mentioned 
the Kenet and Avon Canal, which starts from the port 
at Bristol, and runs to Bath, Devizes, Hungerford, 
Reading, where it joins the Thames for Henley, Mar- 
low, Windsor, Staines, and London. The Ellesmere 
Canal in North Wales consists of a series of naviga- 


THE IRLAM LOCKS OF THE MANCHESTER SHIP CANAL. CHESHIRE RAILWAY AND 
VIADUCT (MANCHESTER TO LIVERPOOL LINE) IN THE BACKGROUND. 


later the executors of the lessee leased it to the Great 
Northern Railway Company for £9,575. The Lough- 
borough Canal shares, which were once worth £4,500, 
are now scarcely worth £100; and a still more notable 
decline is that of the Erewash Canal, whose shares, 
now quoted at about £50, were once worth fully 
£3,000. 

The real commercial prosperity of England dates 
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tions, proceeding from the river Dee in the vale of 
Liangollen. The Aire and Calder Canal in Yorkshire 
is connected with the Leeds and Liverpool Canal at 
Leeds Bridge, and thence communicates with the Mer- 
sey at Liverpool. The Lancaster Canal has a course 
nearly due north. It begins at West Houghton, runs 
thence to near Wigan, along the course of the Douglas 
River, by Chorley, and near the road from Wigan to 
Preston, intersects the Leeds and Liverpool Canal; 


length of the canal is 29 miles, and it has 6 feet depth 
of water and 42 feet of top width. The canal is ex- 
ceptional in passing through no less than five tunnels 
in its course. The general direction of the Dudley 
Canal is nearly northwest by a crooked course of thirty 
miles in Worcestershire, a detached part of Shrop- 
shire, and Staffordshire. This canal commences in the 
Worcester and Birmingham Canal at Selby Oak, and 
terminates in the old Birmingham at Tipton Green. 

Advantages and Disadvantages of Canals.—The prin- 
cipal advantages afforded by canals are thus concisely 
stated by Gen. Rundle: (1) They admit of any class 
of goods being carried in the manner and at the speed 
which proves to be most economical and suitable for 
it, without the slightest interference with any other 
class. (2) The landing or shipment of cargo is not 
necessarily confined to certain fixed stations, as is 
obligatory on railways, but boats can stop at any point 
on their journey to load and unload, and discharge 
their cargoes direct over the ship’s side. (3) The dead 
weight to be moved in proportion to the load is much 
less. (4) The capacity of traffic is practically un- 
limited, provided the locks are properly designed. (5) 
There is no obligation to maintain enormous or ex- 
pensive plants or establishments, as all those can, and 
would be, provided by separate agencies and distinct 
capital. Thus a large outlay in first cost and subse- 
quent maintenance of rolling-stock is avoided. (6) 
There is an almost total absence of risk, and the re- 
duction of damage to cargo in transit, and consequently 
of insurance, to a minimum. 

On the other hand, the defects besides those of orig- 
inal construction, in existing British canals are: (1) 
A total absence of any unity of management. (2) A 
want of uniformity of gage in the locks, as well as in 
the canals themselves. (3) With few exceptions they 
are not capable of being worked by steam. (4) An 
unequal system of tolls. (5) The many links in the 
communications in the hands of the railways para- 
lyzes any unity of action, and renders any scheme of 
amalgamation between the several lines impossible. 


THE DE PLUVY DIVING DRESS. 

A Novetty in the way of diving apparatus is the in- 
vention of M. de Pluvy, a prominent hydrographic en- 
gineer of Paris. As he has had many years’ experi- 
ence in diving operations, there is no doubt that the 
apparatus is of practical value. He uses a metallic 
diving suit which is made somewhat on the plan of 
the ancient coat-of-arms, being built of light and 
strong sheet metal having a thickness varying from 
0.2 to 0.3 inch according to the position of the pieces. 
The joints and coupling points are made of pressed 
leather and rubber, and a special form of hydraulic 
joint is employed. On the top of the armor is fixed 
the helmet, which is the principal feature of the ap- 
paratus. The air is not brought to the diver from 
the outside, as usual, but the air he breathes is sent 
by a tube into a special regenerating chamber con- 
taining certain chemical products which renew the 
supply of oxygen and the air is then sent to the in- 
terior of the helmet by another tube. The air-renew- 
ing apparatus is contained in a pair of cylindrical 
chambers attached to each side of the helmet. Regu- 
lating valves keep the air pressure within the helmet 
at the right amount and always constant, no matter 
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what the depth may be below the surface. Mounting 
and descending are carried out by a drum and cable 
worked by an electric motor. At the same time the 
cable serves to carry the current which is needed for 
the respiratory apparatus. The diver communicates 
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of the trusses, and passed through the overlapped ends 
of the expanded metal in adjacent slabs. Finally, the 
spaces left between the ends of the slabs were filled 
with rich concrete and tamped. The joints between 
slabs in the same vertical section were pointed up 
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UNLOADING FOREIGN CATTLE ON THE MANCHESTER SHIP CANAL. 


with the surface by a telephone, and a number of wires 
run from the armor up to a set of colored lamps, show- 
ing how the different apparatus is working. There are 
many advantages to be secured from the new appara- 
tus, and we expect to give a more complete and illus- 
trated description of this interesting device. M. de 
Pluvy has personally been able to go down to a great 
depth, and during the 115 descents which he has 
already made with the new diving suit he reached 
depths varying from 150 to 300 feet. This far exceeds 
the depth to which an ordinary diver can go. 


CONCRETE AS A ROOFING MATERIAL, 

Concrete foundations, walls, and floors have been 
employed for some time in the construction of build- 
ings. More recently this material has been utilized 
for roofing with great success. Concrete has now en- 
tered every field of the building industry, its general 
adoption being due to the increasing prices of other 
building material and to the great ease with which 
concrete is worked. The structures into which con- 
crete enters extensively are the only ones in recent 
years which have been finished according to schedule, 
as most, if not all, of the labor troubles encountered 
with the workers in the various branches of the build- 
ing art are overcome by the use of concrete. Skilled 
labor is largely dispensed with. The mixing of the 
material is done according to fixed rules, which are 
modified in accordance with the character of the work 
in hand. The mixing is done under the eye of a 
skilled engineer, who can superintend a great deal of 
this kind of work, and at the same time give some of 
his attention to the matter of making a test of the 
material before and after mixing, which is quite neces- 
Sary. 

In the matter of roofing, concrete has been made use 
of only in a few instances, and in these it has been 
applied in much the same manner as in flooring. A 
departure has beeri made recently from this method in 
the construction of a new power plant at Chittenden, 
Vt., where it has been placed on the roof in the shape 
of slabs which were fofmed on the ground, a sugges- 
tion which originated with the engineers, J. G. White 
& Co. Strength is not a consideration, as in the con- 
struction of flooring, and it was decided that a cement 
slab reinforced with expanded metal would answer all 
purposes. This method is more convenient and eco- 
nomical than the monolithic process, in which the 
cement is put in place in a moist condition and al- 
lowed to set in its final resting place. 

For the rcof slabs of this power house a size of 9 
feet 6 inches by 4 feet by 314 inches thick was decided 
upon, and the slabs were formed in heavy wooden 
molds. To give a smooth interior finish a layer of 
neat cement was laid on the bottom of the form to the 
depth of one-half inch. Upon this first layer was 
spread the sheet of expanded metal, with a margin of 
two inches over the dimensions of the slab all around. 
In order that this margin might not interfere with the 
forming of the slab, the forms were made in two parts, 
the upper part being placed in position after the sheet 
of expanded metal was laid on, the remainder of the 
slab being then completed with a rich concrete in the 
proportions of cement, one; sand, two; and stone, 
three. The stone was screened through a sieve of 
one-half inch mesh. Finally the concrete was well 
tamped, and the upper surface roughly finished with 
a trowel. At the end of a week the slabs had so far 
dried out as to permit their being lifted to the roof. 

The roof trusses of the building are 9 feet 8 inches 
from center to center. The slabs were fixed in posi- 
tion by rods driven vertically between the upper angles 


with cement, and the roof was then ready for water- 
proofing. 


CONTEMPORARY ELECTRICAL SCIENCE.* 

DISTILLATION OF CopreR.—H. Moissan points out 
that the electric furnace has disposed of the assump- 
tion that there are any truly refractory bodies, and 
has proved that all solid bodies are capable of assum- 
ing the liquid and the gaseous states. Some bodies 
are decomposed before they liquefy, but on the other 
hand new compounds are also formed, like the newly- 


“discovered carbides, borides, and silicides. The author 


has lately studied the boiling point of copper and the 
best manner of distilling it at atmospheric pressure. 
He placed 300 grammes of pure copper cut into small 
cylinders into the crucible and conducted a copper 
tube cooled by a rapid current of water through the 
furnace to condense the copper volatilized by the elec- 
tric current. An alternating current of 300 amperes at 
110 volts was employed, and was applied for 8 min- 
utes, after which it was found that 233 grammes of 
the metal had been volatilized. Boiling commences 
in about 3 minutes. The condensed copper is found 
on the copper tube in the shape of a felt consisting 
of copper filaments. Each filament has minute iri- 
descent branches which make the mass look like vel- 
vet. The felt consists of pure copper. But at the boil- 
ing point coppe dissolves some carbon, yielding it up 
again on solidifying in the form of graphite-——H. Mois- 
san, Comptes Rendus, November 27, 1905. 


Avto-AntTr-ConerER.—P. Lohberg describes an auto- 
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toward the gauze. This anode is faced by a cathode, 
consisting of the bottom plate of a plunger, whose 
height can be minutely regulated. It is inclosed in 
ebonite, and near its circumference are mounted a 
number of gramophone points. The instrument is put 
in series with a voltaic cell, a rheostat, a galvanometer 
and a horseshoe telephone. The gramophone points 
are gently pressed against the anode, and partly re- 
leased, leaving delicate bridges through the glycerine 
and silk. These are destroyed by Hertzian waves, but 
re-established when they cease. By suitably regulating 
the gap the restoration can be made instantaneous. 
The author has made a special contrivance for renew- 
ing the glycerine or other liquid. He does not give a 
theory of the processes involved, which he believes to 
be very complicated.—P. Lohberg, Annalen der Physik, 
No. 14, 1905, 


PREPARATION OF MODERN CEREAL 
BREAKFAST FOODS. 

UntTiL recently, when the cereals were intended for 
porridge, they were, as a rule, simply husked and 
more or less crushed. Such products required long, 
slow cooking, and were hardly convenient for those 
who could not keep a fire all day. The earliest of the 
cereal breakfast foods which came into general use 
in the United States were of this class, oats being the 
most commonly eaten. Coarsely ground uncooked 
wheat does not seem to- have been so generally used 
for preparing a breakfast dish, though corn meal and 
hominy have long been and still are popular. As the 
use of cereal breakfast foods became more common, 
the raw products were to a considerable extent re- 
placed by the so-called rolled oats and wheat, in which 
more or less of the cooking had been done at the fac- 
tory, and these goods are commonly conceded to sur- 
pass the simpler and old-fashioned raw products in 
ease of preparation in the househeld and in other 
ways. The manufacturers claim that the malted and 
otherwise specially prepared goods, which are a later 
development, represent a still further advance. These 
specially prepared cereals are usually sold in packages 
under proprietary names, which may or may not indi- 
cate their real nature. The methods of preparation 
vary greatly, and the exact details of processes are, 
of course, the secrets of the manufacturers. However, 
enough is known to give a fairly correct idea of the 
processes. 

According to Dr. Charles D. Woods and Prof. Harry 
Snyder, who have recently issued a bulletin on the 
subject for the U. S. Department of Agriculture, the 
grains are usually very carefully cleaned. Ingenious 
devices have been invented for removing foreign seeds, 
dirt, and other substances which may have found their 
way into the grain. The husk or glumes of such grains 
as oats, barley, and rice are very thoroughly removed, 
so that the amount left in is much smaller than 
formerly. 

Among the first of the modern preparations to be 
introduced were the “rolled” grains. To make these 
the husked grain is cooked for some time by steam 
and while still wet is run between rollers and pressed 
into thin flakes. After drying, the product is ready for 
marketing. Such rolled grains usually do not pretend 
to be more than partly cooked and are supposed to be 
thoroughly recooked before serving. 

The ready-to-eat brands are prepared in a great 
variety of ways. Some are probably simply cooked 
in water and then dried and crushed; some are made 
of a mixture of different grains; some have common 
salt, malt, and apparently sugar, molasses, or other 
carbohydrate material added to them; some probably 
caramel or other similar coloring matter. Those with 


SETTING CONCRETE SLABS ON A POWER 
HOUSE ROOF BY MEANS OF A DERRICK. 


matically-working anti-coherer which has some resem- 
blance of De Forest’s responder. The anode consists 
of a plate of silver the size of a shilling, attached to an 
ebonite block and earthed. In the center it is higher, 
and a piece of silk gauze is stretched over the ex- 
crescence by an India-rubber ring. The gauze is moist- 
ened with glycerine, and a piece of silver-chloride or 
other photographic paper is placed on it, with the film 


* Compiled by E, E, Fournier d’Alve in the Electrician, 


CONCRETE SLABS FOR POWER HOUSE ROOF 
DRYING OUT. 


a flake-like appearance are made like rolled grains, 
save that the cooking is continued longer. Those 
which leok like dried crumbs are probably made into a 
dough, baked, crushed, and browned. The shredded 
preparations are made with special machinery which 
tears the steam-cooked kernels into shreds and deposits 
them in layers or bundles. Very many of the ready- 
to-eat cereals are parched or toasted before packing. 
This gives them a darker color, makes them more 
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crisp, and imparts a flavor which many persons relish. 

In the socalled “malted” or “predigested” prepara- 
tions malt or some similar substance is added during 
the process of manufacture. Malt, it will be recalled, 
is grain (usually barley) allowed to germinate until 
a ferment called diastase is developed, and then kiln- 
dried. This ferment, like some others, has the power, 
under certain conditions, of changing starch, which is 
misoluble in water, into various soluble forms, such 
as dextrin, isomaltose, and maltose (sugar of malt). 
These soluble forms are more easily acted upon by the 
digestive juices than the original starch. How much 
starch is actually changed in the malted cereals and 
how desirable it is to have it so changed outside of 
the body are questions to be considered. 

Some of the cereal foods have apparently been 
cooked by dry heat only. In the case of puffed rice, 
which suggests popped corn somewhat in flavor and 
texture, it is said that the expansion of the grain is 
caused by heating it under pressure at a fairly high 
temperature and then suddenly diminishing the pres- 
sure. 

In comparing the new cereal preparations with the 
old-fashioned ones we must not forget the neatness 
with which they are now put up. It was hard to tell 
what might have happened to some of the old brands. 


They were often ground from imperfectly cleaned 
grain, in small and inconvenient mills where it was 
hard to keep out dirt, and were very commonly sold 


from bins and barrels into which dust could easily 
find a way. In the modern mill cleanliness is found 
to be the best policy, and the neat, almost air-tight 
paper and cardboard packages in which the foods are 
sold are, as a rule, an assurance to the purchaser that 
they reach him as clean and fresh as they left the 
mill. In some of the manufactories the preparation 
of the cereal food seems almost perfection as regards 
cleanliness. 

For convenience in transporting and handling, as 
well as to insure absolute protection from moisture 
and from air containing dust and germs, some cereal 
breakfast foods are marketed in sealed tin cans. The 
cans are evidently filled under pressure and conse- 
quently the cereals occupy relatively a small amount 
of space per pound. In provisioning camps, expedi- 
tions, etc., the small bulk and the fact that such goods 
cannot be so readily damaged by water might prove an 
advantage. 


INFLUENCE OF LIGHT AND HEAT ON 
GERMINATION.* 
By CLEVELAND ABBE. 

Pavenon (1880) summarizes the results of the 
studies of many authors on the relative influence of 
light and heat on the germination of seeds and the 
growth of plants. The following is condensed from 
him: 

Edwards and Colin (1834) state that in their day 
little was known as to the influence of light and air 
on the green matter and on the respiration of plants; 
since then, however, it may be considered as estab- 
lished that the life of a plant varies in proportion to 
the adaptation of the plant to its surroundings. The 
study of the influence of light may be said to have 
begun with Lavoisier, who thought that the light di- 
rectly combined with certain parts of the plant pro- 
ducing the green leaves and colored flowers, and that 
without light there could be no life. Similarly Mole- 
schott (1856), at Zurich, affirms that in general every- 
thing that breathes or moves draws its life from the 
light of the sun. 

Boussingault (1876), controverting a statement of 
Pasteur, maintains that the growth of mushrooms and 
mold in the dark is not an exception but a confirma- 
tion of the general rule, and that if the solar light 
should be cut off both the plants having chlorophyl, 
and also the plants that do not have it, would disap- 


- pear from the surface of the globe. 


Berthelot, in his essay on the mechanics of chem- 
istry as based on thermochemistry, shows that the ac- 
tion of the light is demonstrated by the formation of 
complex chemical effects, isomeric changes, and more 
complex reactions. For instance, the combination of 
free oxygen is stimulated in a great many cases by 
the action of light, as is shown by the bleaching of 
fabrics of any kind exposed to the air and by the oxi- 
dation of volatile oils. All the oxidizing in reactions 
brought about by the action of light is exothermic— 
that is to say, there is a loss of energy in the transi- 
tion from the compound body to its elementary com- 
ponents and a disengagement of heat. The light plays 
the réle of a determining agent. On the other hand, 
when a complex body is built up in the cells of a 
plant, by drawing in elementary bodies from the at- 
mosphere and soil, the reaction is endothermic, and 
solar heat is absorbed and rendered latent in the plant. 

Sachs, Wiesner, and Mikosh would seem to have es- 
tablished the principle that the formation of the green 
matter of a plant is not dependent wholly on the light 
as such, but also demands a certain temperature, vary- 
ing between 0 deg. and 35 deg. C., for the various 
plants of Europe. They show also that an increase in 
the temperature of the atmosphere, with equal increase 
of light, increases the rapidity of the formation of the 
chlorophy! up to a certain maximum temperature, and 
that in proportion as the temperature departs from 
this favorable maximum, either above or below, the 
formation of the green matter becomes less and less 
active, until when the limits 0 deg. or 35 deg. C. are 
exceeded it ceases altogccher. But the temperature 
most favorable for th< formation of chlorophy! under 


@ Abstracted from Bull tin % of the United States Department of 
Agricultare, 


SCIENTIFIC AMERICAN SUPPLEMENT Na. 


the action of light has but little connection with the 
temperature that promotes the further action of the 
chlorophy! after it has been formed within the plant. 
Thus Timiriazeff (1880) shows that the activity of the 
chlorophy! consists in the absorption of certain radia- 
tions; but in order that these radiations may act it 
does not suffice merely that they should be absorbed; 
it is further necessary that there should be a very 
considerable intensity of heat, in order to furnish to 
the chlorophyl the definite number of calories neces- 
sary for the decomposition of the carbonic-acid gas 
taken in from the atmosphere. 

In general, under ordinary conditions light is in- 
dispensable to the formation of chlorophyl. To this 
general law there are a few apparent exceptions, as 
follows: The embryos of the genera Pinus and Thuya 
have their cotyledons colored an intense green at the 
moment of germination, even when they have been or 
appear to have been completely deprived of the action 
of light. So also with a certain number of phanero- 
gams in which the embryo is protected by thick integu- 
ments; finally, the fronds of certain ferns have a 
green color, even when they grow in complete dark- 
ness. With regard to the seeds of Acer, Astragalus, 
Celtis, and Raphanus, it has been shown by J. Béhm 
that when they germinate in darkness they do not ac- 
quire any green color; Flahault (1879) has obtained 
the same result for the seeds of the Viola tricolor, the 
Acer pseudoplatanus, and the Geranium lucidum. Sim- 
ilarly as to the other seeds above enumerated the stud- 
ies of Sachs and Flahault render it probable that in 
most cases there was stored up in the seed certain re- 
serve nutrition, which reserve, originally formed under 
the action of light, can subsequently in the act of ger- 
mination temporarily replace the further direct action 
of light. It would thus seem that in no case can dark 
heat truly replace the action of sunlight. 

On the other hand, light can replace heat in the pro- 
cess of vegetation. This was first shown by De Can- 
dolle, and a striking illustration is quoted by Mole- 
schott (1856), who shows that by the influence of 
light during the resplendent nights of the polar regions 
the harvests ripen in a short time, while many days of 
our autumn heats in lower latitudes scarcely suffice. 
It is the quantity of light and the quantity of the 
radiations that these plants receive that enable certain 
cereals, such as barley and oats, to be cultivated as 
far north as 70 deg. of latitude. The observations of 
Schleiden on the potato, of De Candolle on the ra- 
diola, and of Haberlandt (1866) on oats, show that 
there exist decided differences in the quantities of 
heat necessary to the development of different species 
of vegetables under different latitudes, and that the 
most important cause of these differences is the quan- 
tity of light which these plants receive. De Candolle, 
in his botanical geography, says the effect of light is 
shown in the northern limits of certain species; thus 
the radiola is perfected by a total supply of heat repre- 
sented by 2,225 day-degrees in the Orkneys at 59 deg. 
north, but by a total of 1,990 day-degrees at Drontheim, 
latitude north 63 deg. 25 min.; the difference (235) 
corresponds to the fact that the longest day is 14 
hours longer at Drontheim than in the Orkneys, which 
increased sunlight enables the plant to complete its 
growth better under the same temperature. 

Wheat furnishes a still more striking example. It 
begins to vegetate when the temperature in the shade 
is about 6 deg. C., and observation has shown that it 
requires the following day-degrees to ripen: At Paris 
in 138 days, total shade temperature 1,970 deg. C.; at 
Orange, 117 days, total shade temperature 1,601 deg. 
C.; at Upsala, 122 days, total shade temperature 1,546 
deg. C.; at Lynden (North Cape), 72 days, total shade 
temperature 675 deg. C. Or, if we use, not the shade 
temperatures, but those of a thermometer exposed to 
the full sunshine, as is done by Gasparin, then the 
above figures become at Orange, 2,468 day-degrees; 
Paris, 2,433 day-degrees; Lynden, 1,582 day-degrees. 
These remarks of De Candolle with reference to ger- 
mination are equally applicable to the whole period of 
growth of the plant. 

As to the method of calculating the sum total of 
temperatures De Candolle found that it may be con- 
ducted in two ways, either by adding together all the 
mean daily temperatures above 0 deg. C. or by omitting 
the useless degrees and adding all the others. This 
last method would seem to be the most logical, but 
can rarely be employed, owing to our ignorance of that 
minimum temperature below which all must be 
omitted. On the other hand, if we consider that a 
plant which vegetates between 10 deg. C. and 30 deg. 
C. has a maximum at 20 deg C, and if we seek the co- 
efficients of growth corresponding to each successive 
degree of temperature, we find, as Boussingault has 
shown, that these coefficients vary for each degree as 
we depart above or below the temperature most favor- 
able to vegetation. 

Similarly De Candolle (1865) has shown that near 
the minimum and near the maximum temperatures the 
rate of germination is more difficult, and therefore 
slower, than at the intermediate or best temperatures; 
consequently, both in germination and in subsequent 
vegetation, it is necessary to recognize the fact that 
calculations of the sums of heat in connection with 
the study of the geographical distribution of plants 
are complicated with hypotheses and many sources of 
error. 

Schuebeler (1862) shows that cultivated plants in 
northern countries have more highly colored flowers, 
larger and greener leaves, and larger seeds, which are 
more highly colored and richer in essential oils, than 
those of southern regions. Bonnier and MPahault 
(1878) have shown the same facts for uncultivated 
plants. Both these authors attribute this result to 
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the prolonged action of sunlight, and the latter shows 
that the variations are exactly proportional to the 
duration of sunlight. In Fiahault’s more recent o}-. 
servations he shows that there must necessarily exist 
a relation between the quantity of carbonic acid «»- 
composed and the quantity of carbonaceous mati«:s 
formed by the plant, and that in general the sunlig}' 
has a very remarkable influence on vegetation sinc» 
it compensates in a large measure for the deficiency « 
temperature. 

It is, furthermore, to this influence of light that Pay 
chon attributes the singular fact that plants cult! 
vated in high latitudes are endowed with a vegetatin:s 
power greater than that of southern countries, so tha’ 
when transported to the south their seeds ripen sooner 
than those of the southern plants. This subject has 
been especially studied by Tisserand in his memoir 
on vegetation in high latitudes, as cited by Grandeau 
in his work on nutrition of plants. According to Tis- 
serand a plant behaves in northern latitudes as a 
more highly perfected machine and one that performs 
better than southern plants. In regions where it has 
neither time nor heat it gains in activity and in the 
speed with which it perfects its own growth. It 
seems to Pauchon that we may properly interpret this 
phenomenon if we admit that a seed transported from 
the north to the south finds itself in climatic condi- 
tions more favorable to the development of the embryo 
which it contains and of the plant which is to follow. 
What the action of light loses in duration in propor- 
tion as we move toward the equator it gains in in- 
tensity. It may be that the cause of this increased 
activity is due to the larger size of the northern seeds 
or to their greater richness in the essential oils. Pau- 
chon thinks that the embryo of such a seed should 
not be compared to a more perfect machine; it is 
rather an identical machine, but better nourished by 
the reserve of combustible and nutritive material in 
the perisperm. Possibly the abundance of essential 
oils contained within the seed contributes to furnish 
to the embryo in northern countries the materials for 
the oxidation that is necessary in order to maintain 
its temperature during germination and to struggle 
against the severity of the climate. 

Tisserand (1876) has shown that the rye cultivated 
in northern Norway has not the same chemical com- 
position as that of France and Algeria, and that in 
general, as we go northward, or as we rise above the 
level of the sea, or as the temperature lowers without 
diminishing the quantity of light, we see the starch in 
the grain increase relatively to the nitrogenous com- 
ponents. Wheat grown at Lynden (North Cape) has 
a smaller proportion of gluten than the wheat of 
France, and the latter less than the wheat of Africa. 
On the other hand, barley raised at Alten, on being 
sown at Vincennes on the 7th of April by Tisserand, 
was ripe on the 18th of June, or thirty-seven days in 
advance of French barley, so that in order to mature 
it required a sum total of heat far less than the French 
barley. The reverse is true when southern grains are 
carried north and sown in colder climates. Therefore, 
as Marie-Davy has remarked, plants become acclimated 
more or less rapidly according to their own nature 
and the extent of the climatic variations that are im- 
posed upon them; the climate produces in them a func- 
tional change which corresponds to an organic change, 
the nature of which often escapes our observation. It 
is therefore not necessary that each phase of vegeta- 
tion should correspond to a constant sum of heat in 
very different climates. That which it is important 
for us to know is what are the limits between which 
this sum total can vary, for the same species of plant 
under different climates. 

The general fact that the quantity of nitrogen con- 
tained in the seeds increases as we approach the 
warmer climates leads to the hypothesis that the for- 
mation of albuminous reserves within the seed takes 
place in preportion to the temperature, and that the 
formation of starch and other reserves takes place in 
proportion to the duration of the light and the action 
of the chlorophyl of the leaves. As we pass from 
the pole to the equator the luminous intensity of the 
sunlight increases from a hundred to a thousand, but 
its duration diminishes during the growing season 
from a hundred at the poles to fifty at the equator. 
Among the special investigations into the action of 
sunlight we note that of Timiriazeff (1877), who has 
shown that a very intense light, after traversing a 
certain thickness of green-leaf cells, has no further ac- 
tion on the phenomena of the reduction or decomposi- 
tion of carbonic-acid gas; in other words, it acts the 
same as darkness would do. On the other hand, Paul 
Bert, by exposing plants to the action of light which 
had been sifted through a solution of chlorophyl, in- 
variably found that the development of the green mat- 
ter of the leaf was completely arrested; inversely, he 
found the green matter produced to its normal amount 
when the plant received only light that had been fil- 
tered through a solution of iodine in bisulphide of 
earbon, which solution, as we know, cuts off all visible 
rays, but allows the red and infra-red to pass through 
with great freedom. This would seem to demonstrate 
that chlorophyl is formed by the action of the red 
portion of the spectrum. 

As to the effect of light on the germination of seeds, 
Pauchon (1880) gives a critical summary of views by 
different authors, from which we condense the follow- 
ing: 

Miesse (1775), from observation on the Camelina 
(Myagrum sativum), concludes that the seeds grow in 
darkness the same as in full daylight, and that light 
does not seem to influence this stage of vegetation. 

Sénébier (1782), from observations on seeds of let- 
tuce and beans, some of which were exposed to the 
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full sunlight, others to sunlight after filtering through 
a thickness of water, others in the dark, and others in 
red, violet, and yellow light, respectively, reached the 
conclusion that light was injurious; but his results 
were not decisive, because of his neglect to observe ex- 
acly the temperatures under different conditions. 

Ingenhousz (1787) exposed an equal number of mus- 
tard seeds in places receiving different amounts of 
light. He himself concluded that the light of the sun 
is as injurious to vegetation at the beginning of its 
iife as it is advantageous to vegetation in the fullness 
of its life. But a more careful consideration of Ingen- 
housz’s experiments shows that the moisture and the 
‘emperature in his several localities varied so much as 
io prevent any serious conclusion as to the action of 
light itself. 

Bertholon (1789), in an article on the effect of elec- 
iricity, shows that up to that time it had not been 
proven whether the germination of the seeds was af- 
fected by light or by humidity. His own experiments 
convinced him that the latter was more important. 

Sénébier (1800) made additional experiments on 
peas and beans, sowing them in sponges, which were 
kept equally moist, all inclosed under glass covers, 
so that no evaporation could take place. Some were 
exposed to sunlight and some were kept in the dark, 
but those which were in the dark germinated much 
sooner than those in the light. But in such experi- 
ments as these the sources of error are numerous, and 
the fact that there was no renewal of the air under 
these covers was especially unfavorable to germination. 
In fact, Leclerc (1875) has shown that under the in- 
fluence of mercurial vapor, as it existed in Sénébier’s 
experiments, a large portion of seeds are killed, so 
that with our present knowledge we can not accept 
Sénébier’s conclusions. 

Lefébure (1800), having finally accepted the conclu- 
sions of Sénébier and Ingenhousz relative to the in- 
jurious influence of light on germination, repeated the 
experiments, but also observed the temperatures more 
carefully, and in addition sought to determine the ef- 
fect of light that had passed through plates of white, 
green, black, red, and blue glass; but he added little 
to our knowledge, although he himself concluded that 
the seeds under white glass were retarded. 

Th. de Saussure (1804) endeavored to ascertain 
whether the influence observed by others was due to 
light or heat, and he concluded that nothing demon- 
strates that light has an injurious influence indepen- 
dent of the heat that accompanies ft. 

Keith (1816) made no observations himself, but con- 
troverted the conclusions of De Saussure. 

Boitard (1829) sowed the auricula seeds in three 
flower pots, but the conditions as to temperature and 
moisture are not sufficiently known to justify us in 
drawing any conclusion. 

A. P. de Candolle (1832) says: 

“I do not deny that darkness may be useful in ger- 
mination, but I do deny that it is necessary to think 
that light has no action on germination. Analogy in- 
dicates this, theory confirms it, and experience demon- 
strates it.” 

According to De Candolle, light favors the decom- 
position of carbonic acid, but germination demands the 
formation of carbonic acid; therefore darkness will 
favor germination. This theory thus enunciated by 
De Candolle has been accepted by many authors with- 
out proper experimental basis. 

Ch. Morren (1832) experimented upon water cresses 
grown under different colored glasses. He concluded 
that as darkness favored germination, so the indi- 
vidual colors of the spectrum, acting each by itself, 
have a special influence that favors germination in 
such a way that those colors that have the greatest 
illuminating power are those that least favor germina- 
tion. 

Ad. Brongniart (1832) announced as the results of 
his experiments that the retarding influence of light 
depends not only on the illuminating power of the 
colored light, but on the relative quantity of white 
light that passes through the different colored glasses. 
In all these experiments the seeds were several milli- 
meters below the surface of the soil, so that the col- 
ored lights did not affect the seeds directly, but indi- 
rectly through the soil whose temperature and mois- 
ture and evaporation may easily be of predominating 
importance. 

Ph. A. Pieper (1834), Meyen (1837), Zantedeschi 
(1846), and Belhomme (1854) have all experimented 
on the growth of seeds under colored glasses; but 
the sources of error incident to this method of observa- 
tion prevent us from drawing any conclusion as to the 
influence of light itself. 

Ville (1865) says that the injurious effect of solar 
radiation on germination is the result of the heat only 
and that the effect of the light is inappreciable. For 
aquatic plants whose seeds germinate in the water, 
darkness seems decidedly favorable to germination, 
but it acts only in an indirect manner by preventing 
the warming of the water and the disengagement of 
the oxygen that is dissolved in this water. 

Charles Darwin (1877) says that certain species of 
seeds do not grow well when they are exposed to the 
light, even the diffuse light of a room. 

Duchartre (1877) considers the action of darkness 
as a secondary influence, useful but not at all essen- 
tial and concerning which there has been too much 
exaggeration. 

Faivre (1879) has shown that the appearance of the 
primordial latex occurs at a moment when the radicle 
is only a few millimeters long and when the cotyle- 
dons are still inclosed in the seed envelopes and have 
not yet received the action of light. He notes that 
under a yellow light obtained by transmitting sunlight 
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through a solution of bichromate of potash the seeds 
develop their chlorophyl and their latex more rapidly, 
and consequently have a shorter period of germina- 
tion than under a blue light obtained by transmitting 
sunlight through a solution of the ammoniacal oxide 
of copper. 

Detmer (1880) has consecrated an extensive work to 
the study of the germination of seeds, and states that 
concerning the action of light we are still ignorant 
as to whether it is direct—that is to say, whether it 
stimulates the storing up of new substances in the 
vegetable tissue or whether, on the contrary, it 
strengthens the persistence within the cells of some 
special process having a more or less intimate rela- 
tion to the phenomena of growth and which can only 
proceed in darkness. Detmer adds a few historical 
references, viz., Humboldt (1794), according to whom 
seeds sprout more easily in darkness than in light; 
Fleischer (1851), Heiden (1859), and Nobbe (who all 
consider solar rays as having no action on the seeds), 
and, finally, Hunt (1851), who considers that light re- 
tards germination. 

(To be continued.) 


SCIENCE NOTES. 

In the bacterial purification of sewage the work is 
carried out by natural agencies in what may be broadly 
regarded as two distinct operations. The first stage 
consists of the elimination of the grosser suspended 
solid matters from the sewage as brought about by 
screening, by subsidence in detritus tanks, and by the 
reduction of the remaining solids by anaérobic bac- 
terial action in the septic tank. The second operation 
consists of the conversion of the dissolved impurities 
contained in the sewage or septic effluent into stable 
and inoffensive forms. The remaining part of the 
work of purification is brought about by aérobic bac- 
terial action either upon “contact” beds or “percolat- 
ing”’ filters. 

The systematic botany of America to-day is, in 
some respects, in an almost irretrievably chaotic con- 
dition, and this condition is unquestionably due to 
the use of the various manuals which have been pub- 
lished down to the present day. Local workers every- 
where determine the names of plants by comparison 
of six- or eight-line descriptions, and issue floral lists, 
make botanical surveys, frame ecological deductions, 
separate “new species,” work out histological and em- 
bryological details, carry out important physiological 
experiments—everywhere using these manual names 
to label their observations; and this is the frame- 
work over which the whole tissue of American botany 
is spread. A remarkable feature of all this is that 
any plant from any region can always be crowded in 
under some name found in the pages of the manual, 
or the six- or eight-line descriptions can always be 
interpreted so as to cover any plant. 

Studies may well be made dealing with the relation 
of nutrition to toxic agents, the effects of temperature 
and other conditions upon such action, and the ac- 
commodation of organisms to increasing strengths of 
deleterious agents. Naegeli’s work on the oligo-dy- 
namic action of copper is beginning to be appreciated 
and in one way or another the results have in recent 
times been repeatedly confirmed. In most cases, how- 
ever, no allowance has been made for the action of 
the nutrient salts which may be present in the culture 
fluid and which may affect in a very dissimilar way 
two different electrolytes. In this connection it is 
only necessary to call attention to the toxic action of 
certain compounds of mercury, in which increased 
toxicity, due to the presence of small amounts of 
some other salt of the same acid as the mercury salt 
used, is indeed quite remarkable. Within the past 
few months an unusually interesting paper has ap- 
peared in which Kanda reports the action of certain 
toxic agents upon plants grown in pots as compared 
with those plants grown in water cultures. His im- 
portant conclusions are as follows: (1) A strongly 
dilute copper sulphate solution, even 0.000,000,249 per 
cent, is injurious to seedlings of the common garden 
pea in water cultures; and neither a solution ten 
times nor one a hundred times more dilute produced 
any stimulative effect. (2) In pot experiments with soil, 
the same seedlings are uninjured when watered twice 
a week during a period of from five to eight weeks 
with a solution of 0.249 per cent; in other words, 
even after from five to seven grammes of copper 
sulphate were present in each pot. No explanation is 
offered of this remarkable diversity of action, but 
within the past few months another paper has ap- 
peared which may throw light upon the results given. 
True has ascertained that finely-divided paraffine, 
quartz sand, filter paper, or other insoluble substances 
are all found to reduce the toxic action of the deleteri- 
ous salt. It is explained on the assumption of an ab- 
sorption of the toxic molecules by the surface of the 
insoluble particles. Increasing the number of grains 
of sand, for instance, in any toxic solution produced 
the same effect as increasing the dilution. From the 
results of these two papers it would seem, therefore, 
that we have two entirely different sets of conditions 
to deal with when any test of such action is made in 
water cultures, on the one hand, and in soils, on the 
other. If Kanda’s results are confirmed, an extensive 
series of tests with both fungi and higher plants 
should be made in order to determine some relation 
which may give a working basis for further compari- 
sons. In fact, much of the work thus far done will 
have to be re-examined in the light of these results, 
for if any precipitate or other solid particles have 
been present in the solutions, an error will enter into 
the calculations. The question will also arise if the 
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surface extent of the vessel used in the culture is of 
any consequence. The practical bearing of these re- 
sults in the treatment of soils is a matter which may 
prove of unusual economic interest. 


ENGINEERING NOTES. 


The underlying principles involved in the treatment 
of sewage by what is now understood as the “bac- 
terial process” are substantially the same as those 
which bring about its purification on land, and fhe 
recent developments of bacterial methods have direct- 
ed further attention to many important points in re- 
gard to land treatment. The sewage farm effluent is 
strictly comparable with that derived from bacteria 
beds, the latter process being in no way “new,” but 
identical with that which obtains in nature—hence, it 
is in this direction that the sclution of the sewage 
problem should be sought. 


The original method of governing gas engines was 
by what is known as the hit-or-miss method, fhis 
being operated by causing the power stroke to be 
omitted whenever the rotative speed of the shaft ex- 
ceeded that for which the centrifugal governor was 
regulated, and resumed as soon as the speed fell below 
the normal amount. Obviously such a method, al- 
though exceedingly economical as regards the con- 
sumption of gaseous fuel, did not give a uniformity 
of speed adapted to the driving of electric generators, 
and hence in the later machines other systems have 
been applied. 


The question of cleaning the blast-furnace gas which 
is required for the hot-blast stoves and the boilers in 
a blast-furnace plant, has not as yet received as much 
attention in this country as it has in Europe, where 
most of the large blast-furnace plants have been 
equipped, during the last two or three years, with 
extensive gas-washing plants, cleaning practically 
every particle of gas produced by the furnaces. Very 
exhaustive tests as to the advantage of cleaning the 
gas for stoves and boilers have been made by Mr. 
Emil Hiertz, superintendent of the blast furnaces of 
the John Cockerill Company, of Seraing, Belgium. As 
far as the consumption of the hot-blast stoves is con- 
cerned he found that by using clean gas the tempera- 
ture of the stoves could be increased at least 200 deg. 
F., and it will be seen at a glance that this fact tends 
to decrease the quantity of gas necessary for obtain- 
ing a certain temperature in the hot-blast stoves, so 
that in the future the percentage of gas to go into the 
stoves will be materially decreased. Assuming the 
figure of 30 per cent, the total quantity of gas neces- 
sary for heating the blast will be 4,350,000 x 0.30— 
1,305,000 cubic feet per hour. 


For some time past the British Admiralty have ex- 
perienced considerable difficulties in connection with 
the high-velocity weapons mounted on some of the 
later battleships. The troubles developed for the most 
part in connection with the 12-inch, 9.2-inch, 7.5-inch, 
and the 6-inch guns. It was discovered that after a 
few rounds had been fired the designed caliber of the 
weapon was seriously obstructed by the accumulation 
of a copper deposit at certain points in the bore and 
in such cases further discharging of the weapon was 
attended with considerable risk. Consequently the 
guns had to be removed and dispatched to the arsenals 
for re-boring. This clogging appears to be unavoidable, 
at least at present, and is evidently inseparable from 
the existing types of heavy breech-loading weapons. 
The copper residue is left from the driving band of 
the projectile and invariably accumulates at one point 
of the bore. The trouble became so acute, the guns 
being rendered unfit for service with safety in such a 
short period, that attempts were made to circumvent 
the evil or at any rate mitigate its extent, so that the 
period of disablement might be reduced to as short as 
possible. The expense of unshipping the guns at the 
nearest port and dispatching them to the arsenal for 
re-boring developed into a serious item. Now, however, 
the engineers at the Woolwich arsenal have succeeded 
in devising instruments by means of which the defect 
can be quickly remedied. When the troubles were first 
ascertained the guns were returned in such numbers 
and with such frequency that the ordinary working 
routine of the arsenal was disturbed by the time occu- 
pied in reboring the weapons with the existing facili- 
ties, and yet at the same time speed was essential in 
order to prevent the gun reserves being absorbed. With 
the new apparatus, however, it is possible to remove 
the deposit wit: facility and expeditiously, and the 
instruments have been installed at every naval depot, 
thereby dispensing with the necessity of sending the 
defective guns to one establishment, and enabling the 
re-boring to be undertaken on the spot without any 
delay. At the same time, however, it would be impossi- 
ble to have the gins treated at a depot in the case of 
a battle, and the danger that the principal aggressive 
armament might be thrown out of action from this 
cause was so great that experiments were undertaken 
upon the depot vessels to ascertain whether or not it 
would be possible to modify the apparatus in such a 
manner that it could be carried upon each battleship, 
and manipulated by the artificers aboard. These ex- 
periments have proved successful and the scheme is 
to be adopted. Naval artificers have been instructed 
in the working of the appliance, so that now in the 
event of trouble in this direction occurring the defect 
can be repaired immediately without awaiting the ar- 
rival at the nearest naval station. By this arrange- 
ment it will be possible to maintain the bore of the 
guns and appreciably increase the fighting efficiency of _ 
the vessel. 
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THE COLLECTIVE INTELLIGENCE OF BEES. 
By G. Bonnier, 

Wirn the organized anarchy of bees, which was dis- 
cussed in a previous article, there is associated a col- 
lective intelligence which the following examples will 
serve to illustrate. 

In the first place, it should be observed that a 
worker bee is merely an element of the colony, as a 


Fie. 1.—BEES COLLECTING SYRUP WHICH 
THEY HAVE MADE BY BRINGING WATER 
TO LUMPS OF DRY SUGAR. 


cell is an element of an organized being. An isolated 
worker is incapable of making a decision, and is less 
intelligent than a fly. 

A fly imprisoned in a bell glass provisioned with 
syrup and water does not try to escape, but eats and 
drinks, flies hither and thither, and returns to the 
banquet, promptly discovering and tasting any new 
dainty that is added thereto. But if a bee is put under 


Fia. 2.—BEES ATTRACTED TO ROSES, WHICH 
THEY DO NOT ORDINARILY VISIT, BY 
HONEY PLACED IN THE FLOWERS. 


a bell glass with syrup, honey, water, and pollen, sub- 
stances which constitute a complete diet, and which 
the bee is in the habit of collecting, it does not pay 
any attention to them, but incessantly seeks means of 
escaping and returning to the hive. In this respect no 
individual differences between bees can be detected. 
Even if honeycomb taken from the prisoner's hive and 
impregnated with its special odor is put under the 
glass, the bee pays no attention to it. The insect has 
received the order to return to the hive, and it en- 
deavors to obey. It is nothing in itself; it is merely 
a part of the whole. 

If a bee at work on a flower is gently lifted by the 
wings, it makes no attempt to sting, and when released 
it returns peaceably to the hive. With an isolated bee 


Fie. 3.—BEES GATHERING HONEY-DEW FROM 
OAK LEAVES. 


stinging is a reflex act, to which it must be forced by 
pinching it between the fingers, as is done in the bee- 
sting treatment for rheumatism. When one of the 
scouts, whose duty it is to seek new harvest fields, 
makes a discovery, it immediately returns to the hive 
and, if the scout has been marked, it will be seen, a 
few minutes later, guiding a troop of harvesters to the 
new field. In all this the scout has given no proof of 
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individual initiative; it has merely obeyed orders. But 
when the harvesters have organized regular traffic be- 
tween the newly-discovered treasure and the hive, the 
collective intelligence of the society immediately be- 


Fig. 4.—BEES GATHERING NECTAR FROM 
STIPULES OF VETCH NOT YET IN BLOOM. 


comes manifest. For example, if roses, which yield 
little or no nectar, and are not usually visited by 
bees, are daubed with honey, the scouts at once dis- 
cover the honey and direct the harvesters to the roses. 
(Fig. 2.) 

The number of harvesters assigned to a task is 
nicely regulated in accordance with the quantity of 
matter to be collected, and its distance from the hive. 
It must not be supposed that the discovery of a bed 
of sainfoin in bloom will precipitate upon the honey- 
bearing flowers all the harvesters of the hive. Only 
the necessary number will come. If the sainfoin is 
one hundred yards distant from the hive (supposing, 
for the sake of simplicity, that there is only one hive 
in the vicinity) a sufficient number of harvesters to 
gather the nectar will be sent out, but a larger number 
will be sent to a bed of the same size situated four 
hundred yards from the hive. This is because the 
socialistic government of the colony takes account of 
the distance, and of the time occupied in going and 
coming, with such nicety that, although the number 
of harvesters assigned to the task varies with the dis- 
tance, the number actually at work on the flowers at 
a given instant remains substantially the same for all 
distances. 

It would be difficult to find a more wonderful ex- 
ample of division of labor than is shown in this dis- 
tribution of harvesters among various fields. Every 
day, after the morning excursions of the scouts, the 
colony is perfectly informed concerning the locations, 
distances, and comparative values of flowers which 
contain nectar or ripe pollen, of buds yielding gums, 
and resins suitable for propolis, and of sources whence 
water can be obtained easily and without danger of 
drowning, within a radius which in some cases is as 
great as two miles. 

If the directions taken by the harvesters on leaving 


Fie. 5.—BEES FEEDING ON PHACELIA 
BLOSSOMS. 


the hive and the work done on various plants are ob- 
served with care, it will be found that the workers 
are distributed in proportion both to the numbers and 
the yield of nectar of each species. Some of the work- 
ers are also assigned to the collection of “honey dew” 
from leaves. (Fig. 3.) In Normandy, in early spring, 
I have seen bees abandon most of the woodland flow- 
ers, although these still yielded honey, and attack the 
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nectariferous leaf stipules of vetches not yet in bioom. 
(Fig. 4.) In the Landes most species of heather are 
in bloom in August, and at the same season, but only 
between the hours of nine and eleven in the morning, 
the oases of the heath are ablaze with the yellow ‘jow. 
ers of a species of Helianthemum which open only 
once, wither after eleven o'clock, and are replaced by 
others on the following morning. Their nectar jg 
more abundant, of better quality, and easier to collect 
than that of the heather, and the bees are well aware 
of these facts, and govern themselves accordin:ly. 
Until nine o'clock the heather flowers are covered with 
bees, but by ten o'clock nearly all the bees have left 
the heather for the freshly-opened Helianthemum })os- 
soms. Toward eleven o'clock, when the latter bevin 
to fade, the bees reappear on the heather, which soon 
becomes as populous as it was in the beginning. 

Here is another example. The phacelia is an Aner. 
ican plant which bee keepers regard as being very rich 
in nectar and, therefore, cultivate. (Fig. 5.) Asa 
matter of fact, bees visit its flowers when there is 
nothing better at hand, but the long stamens botier 
them, and as soon as the false acacia blossoms, the 
bees desert the phacelia flowers, still rich in honey, 
for the white racemes of the acacia, in which the nec- 
tar is stil! more abundant and, above all, easier to 
collect. 

When a swarm of bees hangs from a branch (Fig. 6) 
there is instituted, not a division of labor, but a re- 
markable system of displacement of tired by fresh 
workers. It is evident that the bees at the top of tlie 
swarm, clinging with their fore-feet to the branch, 
cannot sustain indefinitely the weight of the whole 
swarm. If these uppermost bees are marked with red 
spots, it will be discovered that they are soon replaced 


Fie. 6—A SWARM OF BEES CLINGING TO A 
BRANCH. 


by others. This continuous process of substitution is 
the cause of the incessant crawling motion of the 
surface of the swarm. 

To those who object that these observations afford 
no proof of collective intelligence, that this organiza- 
tion of labor is the result of instinct and heredity, I 
reply by describing an experiment in which the colony 
is suddenly confronted with an unforeseen circum- 
stance demanding immediate decision. 

At night I put some lumps of dry sugar in a spot, 
partially concealed, at a considerable distance from 
the hive. In the morning they are discovered by 
scouts, which inform the colony, and a body of har- 
vesters is sent out. They attempt to seize the dry 
hard sugar with their jaws, but soon learn that this 
method of harvesting is not satisfactory, and return to 
the hive. Soon afterward bees are seen flying from 
the hive to a source of water, thence to the sugar and, 
finally, back to the hive. 

The problem has been solved by the combined wis- 
dom of the hive, and the harvesters have been ordered 
to carry water to the sugar and convert it into a 
syrup, which they can collect in the usual manner, 
like nectar. (Fig. 1.) 

1 could fill many pages with examples like these. 
The study of bees is so fascinating and so fertile in 
new discoveries, and its apparent monotony veils so 
rich a variety, that it is difficult to abandon it when 
one has once begun to penetrate the secret of this 
perfected civilization, of which the chief characteristic 
is collective intelligence.—Translated for the Scren- 
TIFIc AMERICAN SuppLeMeNt from La Science au 
XXme Siécle. 


To Remove Spots of Aniline Colors.—This recipe is 
given for spots which may be found on ceilings, but 
it would also succeed in other cases. The decoloring 
action of sulphuric gas is utilized, and for this pur- 
pose a quantity of sulphur is burned in the room, 
after making doors and windows as nearly airtight as 
possible-—Journal fir Praktische Chemie. 
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THE PHOTOGRAPHY OF PROJECTILES. 


fue advantageous properties of the electric spark 
a a source of light for photography are so well known 
t} .t it is unnecessary to enumerate them in this place; 
but what is not so well known are the remarkable re- 
sults that the spark permits of obtaining for photo- 
g aphing objects having a very rapid motion, such, 
for example, as the projectiles of fire arms. The mini- 
num time of exposure in cinematographic or instanta- 
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sive sparks shall not overlap on the photographic 
plate. The sensitized surface must therefore itself 
move very rapidly. Such a result is obtained by fixing 
the sensitive film upon a steel disk 240 millimeters in 
diameter placed back of the camera and revolving 
from 4,000 to 8,000 times a minute, or with a velocity 
of from 50 to 100 meters a second. In the time that 
elapses between two successive sparks (1-3,000 of a 
second), the sensitized surface will thus have traversed 
a path of sufficient extent to allow each image to fall 


> 
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neous views scarcely exceeds the limits of 1-2000 of a 
second, a period which, as short as it is, is altogether 
too brief to be applicable to the photography of pro- 
jectiles during their flight. The luminous action of 
the electric spark should not here exceed 1-100,000,000 
of a second, since the projectiles of modern fire arms 
of small caliber advance curing this instant three- 
fourths of a millimeter. The only method that per- 
mits of attaining the end under such circumstances is 
the one employed by Herr L. Mack at Vienna in 1887, 
and later at Pola in 1888, for obtaining his fine photo- 
graphs of projectiles, and which consists in the use of 
a spark produced by the discharge of a Leyden jar. 

In the snap-shot photography of projectiles, not only 
is an image of the projectile itself obtained, but the 
aspect and state of the air immediately surrounding 
it are also registered on the sensitized plate. For this 
purpose it is indispensable that the arrangement shall 
combine the following conditions: (1) A proper 
adaptation of the electric apparatus; (2) an appropri- 
ate construction of the optical apparatus; and (3) the 
exclusion of all foreign light. The room in which the 
negative is taken must be entirely dark. 

The electric spark, of which the light, as we have 
said, should last but 1-100,000,000 of a second, jumps, 
at F, between two conducting wires. The light pro- 
duced thereby passes through the condenser B, and 
falls at S upon a curved mirror which sends it, through 
the objective O, to the sensitized plate placed in the 
camera C (Fig. 1). 

The spark, therefore, very brightly illuminates all 
the objects that are situated in the cone of light, SO. 
It is evident that it is the ball, the projectile itself, 
that must incite the spark if we wish that it be repro- 
duced upon the photographic plate. The ball must 
close the circuit at the precise moment at which it is 
situated in the cone of illumination of S O. In order 
that this may occur, things are so arranged that the 
ball shall traverse a plate of paraffine, A, covered with 
tin foil on its two faces, the upper one of which is put 
jumps at F and A exactly at the same instant, and the 
lower one with the conductor F. As one of the sheets 
of tin foil is in communication with the Leyden jar, L, 
and the other with the conductor F, the spark jumps 
at the moment at which the bell connects the two 
sheets of foil, and its resistance is thus diminished. 
The insulating layer of paraffine previously offered an 
opposition to the passage of the discharge. The spark 
jumps at F and A exactly at the same instant, and the 
projectile is therefore photographed while it is in fuli 
view in the cone of light SO. It should be noted that 
the Leyden jar and the electric circuit L, A, F are 
charged by an induction machine J. 

Other arrangements for photographing by simple 
spark, derived from the same principle, permit of ob- 
taining a photograph of the projectile alone or with 
the strata of compressed air that move with it. 

It seems surprising that it is possible to fix the 
image of the motions caused by the projectile in the 
gaseous element upon the sensitized plate, since such 
displacements are invisible to the eye. We succeed in 
doing so nevertheless by taking advantage of a slight 
difference in the indices of refraction of the more or 
less dense media; and the two figures that we give 
herewith furnish an example of it that is instructive 
in more respects than one. 

In conclusion, let us have a few words to say con- 
cerning the method of photographing by the electric 
spark due to Dr. W. Schwinning, who has succeeded in 
obtaining negatives of the same kind, but in series, 
or, in other words, has succeeded in taking six con- 
secutive photographs in the space of a thousandth of a 
second. This method has been applied with a view to 
studying the effect of balls of small caliber on the 
human body, and of thus furnishing military surgery 
with practical information on this important subject. 

It is indispensable that the arrangement #hich 
serves for the taking of the photograph shall be so 
established that the images furnished by the succes- 


upon a portion not yet acted upon. The light produced 
by the spark is of so short a duration that the image 
is exceedingly sharp despite the motion of the sensi- 
tized surface. This method likewise permits of accu- 
rately measuring the time that elapses between sparks 
starting between two photographs.—Translated for the 
ScitenTIFIC AMERICAN SuPPLEMENT from the Revue des 
Sciences Photographiques. 


OOLONG TEAS AND THEIR MANUFACTURE. 


Former Consul Anderson, of Amoy, has furnished 
an interesting report on the manufacture of oolong 
teas with the object of showing that such teas may be 
profitably produced in this country. He writes: 

It is impossible at this distance to express an opin- 
ion of value as to why American experiments in the 
manufacture of oolong teas have so far been of doubt- 
ful success. In the manufacture of tea so much de- 
pends upon little things which affect the exact chemi- 
cal or physical condition of the leaf that even where 
the leaf itself and the general process itself are the 
same there may be important differences in results 
because of very slight variations in conditions. In 
teas of the hand-cured varieties no opinion but that 
of experts actually familiar with processes and leaf in 
both countries concerned can be relied upon safely. It 
is possible, however, that even a general description 
of how oolong teas are cured in Formosa may furnish 
some hints which may be of value in the experiments 
which are being continued in the United States. 

It may be said, in the first place, that Formosan 
plants used for oolong teas are more rank in their 
growth as a rule than the Hang-chow teas used in the 
United States for such teas, but possibly this is due 
more to the. climate of Formosa being much more 
damp and much warmer than the American fields 
than to any great difference in the plants themselves. 
The leaf is handled less expeditiously in Formosa than 
in the United States. It is picked by women and 
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placed in Oamboo trays, about 4 pounds in a tray, 
which are placed in a rack, one above the other, with 
enough space between to permit free circulation of air 
and to enable the workmen to manipulate the leaves. 
The leaves are stirred up in these trays at intervals 
of from seven to twelve minutes, as required, the 
fermentation being regulated and kept as even as pos- 
sible in this manner. Fermentation ordinarily is al- 
lowed to proceed for about two hours, after which a 
rack of tea, about 40 pounds of the leaf as a rule, is 
turned into a large circular bamboo tray and is again 
stirred and manipulated for two hours more, at the 
end of which time the edges of the leaf are somewhat 
dry, reddish brown in color, and with considerable of 
the odor of prepared tea. 

The leaf is then taken in lots of 4 or 5 pounds and 
placed in metal firing pans over charcoal fires hot 
enough to wilt and curl the leaf, giving it the soft, 
sponge-like quality of damp tea leaves and enabling 
it to be rolled, this firing or wilting being accom- 
panied by rapid stirring and tossing the leaf in each 
pan. The lot of tea is then turned into a round- 
bottomed pan fixed in the end of a bench, upon which 
a workman sits, and the leaf is then rolled by hand 
to give it something of the form of ordinary country- 
cured Chinese or Japanese teas. The tea is given 
a second pan drying, followed by another rolling, and 
sometimes even by a third drying and rolling, although 
generally two rollings suffice. This rolling is followed 
by a drying sufficient to get the leaf in such shape 
that it can be transported to the export firer. This 
alternate process of drying and rolling varies with the 
weather, and indeed the whole process depends upon 
the conditions surrounding the leaf. The process 
takes the green leaf, oxidizes or ferments it until the 
edges turn a reddish brown and the entire leaf is 
wilted; then wilts the leaf over a fire until it can be 
rolled to give it form, later drying it for temporary 
packing. This latter process often includes a light 
firing in a basket over a charcoal fire. 

The tea thus prepared for temporary keeping is 
known as “green leaf.” It is packed in jute bags hold- 
ing about half a picul, or about 66 pounds, and is 
transported to the export firer. The leaf thus packed 
is dry, but it lacks the brittle condition of the tea as 
it is received abroad, and generally is much lighter 
in color than oolong as known to the trade. When re- 
ceived at the firing house it is picked over by women 
and girls for the removal of stems, dirt, or foreign 
matter generally. The final firing for export is done 
in bamboo baskets, giving the name of “basket fired” 
to the product. The firing which produces character- 
istic oolong is generally done in a medium-sized room 
in some of the great brick buildings housing the great 
tea establishments. In a firing room a brick platform 
about 20 inches high is constructed, in which are 
round holes about 2 feet deep and 2 feet in diameter, 
ordinarily about a foot apart, and numbering from 
50 to 300 or even 400 in an establishment. In each 
one of these holes a charcoal fire is built and the char- 
coal is burned until all flame disappears, the room be- 
coming a great furnace into which the coolies rush with 
covered mouths and nostrils to stir the fires and pre- 
pare the little furnaces. When finally the charcoal 
in each hole or furnace becomes a bed of live coals 
without flame, it is covered with charcoal ashes to tem- 
per the heat and preserve the fire. The entire room is 
still hot and is maintained in that condition for days 
at a time. Ordinarily it will require perhaps twelve 
hours to burn the charcoal to a proper condition and 
have the room at a proper temperature, the covered 
charcoal giving off a steady heat. 

The firing is done in bamboo baskets about 3 feet 
high and a little over 2 feet in diameter, open at both 
ends, and with a sie,» placed a little below the center 
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children, and as picked it is placed in closely woven 
baskets, which are sometimes lined with jute cloth. 
When delivered by the pickers to the curing house, 
the leaves are spread out in the open air, in the sun- 
shine if possible, on a bamboo mat or in low bamboo 
trays, and are there stirred every five or seven min- 
utes, until the leaves are somewhat wilted, the edges 
pliable, and signs of fermentation are visible. The 
length of time required for this depends upon the sun, 
temperature, and similar conditions. The tea is then 


Fie. 3—-FURROW AND HEAD OF A PRUSSIAN 
INFANTRY BALL OF THE MODEL 82V = 640 
METERS A SECOND. REDUCED TO 0.45 
OF THE ACTUAL SIZE. 


as a bottom. Such a basket is placed over an open fur- 
nace or hole in the brick platform, and about 7 pounds 
of the green leaf are placed in it. The leaf is prac- 
tically untouched for about three hours, until the quan- 
tity of leaf in the basket has become thoroughly and 
evenly heated, naturally running through a slight 
wilting in becoming heated. Firers then pass from 
basket to basket stirring the leaf, so as to keep the 
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drying process even and regular, ordinarily about an 
hour between the stirrings being sufficient. It gener- 
ally requires from seven to twelve hours of such firing 
to thoroughly evaporate all moisture in the leaf, bas- 
kets generally being set in the evening and removed 
in the morning, the tea being boxed while warm. The 
firing of the tea also varies for the variety of tea de- 
sired, heavily fired teas being desirable for some mar- 
kets because of the darker infusion they give. 

Machine curing of tea has been attempted in For- 
mosa, and the Japanese government is now support- 
ing an experimental machine plant at Anping, For- 
mosa. It is generally agreed by tea men, however, 
that the results so far have not been successful or 
satisfactory from any standpoint and that the plant is 
run at a loss. There is no present likelihood of the 
machine method succeeding that of hand firing. The 
fact is that while, of course, oolong tea derives more or 
less of its meritorious qualities from the nature of 
the leaf itself, there is peculiar merit in the manner 
in which the leaf is handled and much depends upon 
little things which a machine can not accomplish. 
From this fact it may be perceived readily that any 
description of the process of curing these teas will 
necessarily be incomplete and more or less unreliable, 
which does not represent the actual experience and 
work of experts, in this case Chinese workmen. 

Since conditions of climate, as well as of the leaf to 
be cured, vary greatly, it is impossible to pass upon the 
matter of oxidation or fermentation satisfactorily by 
ascribing a certain time to a certain process, when, as 
a matter of actual practice, it may require much more 
or much less time to effect such process under different 
conditions. Either expert workmen from China or 
Formosa should be employed in the United States, or 
American tea men should have a practical training 
in the processes of making teas in China or Japan, or 
at least should make a personal investigation of such 
processes. I certainly see no reason why oolong teas 
should not be grown and properly cured in the United 
States with success, since other varieties of tea are 
being successfully produced. 


ELECTRICAL “NOTES. 

tol.—This substance, manufactured by the Ber- 
lin Kryptol Company, is a black granulated mass com- 
posed of charcoal, carborundum, clay, and silicate, 
the exact composition of which is not made known. 
For feeble currents of high tension and for obtaining 
low degrees of temperature, a mixture of charcoal and 
silicates is employed, as stated by the company. The 
higher the tension the smaller the grain of the mix- 
ture, and then conducting substances of the second 
class must predominate. This company constructs a 
great variety of apparatus for heating, in which cryp- 
tol is utilized as a resisting agent. 

Blectricity in Japan.—Electrical industry has been 
rapidly developed in Japan, due in great part to the 
Nippon Denki Kiowai, association of Japanese elec- 
tricians, founded in 1892 for facilitating the progress 
of electric lighting, for acting as the representative 
of the industry in treating with the public authorities, 
for publishing reports instructive to the people, and 
for maintaining a permanent electrical exposition at 
Tokio. The executive committee meets every month, 
and the association has a general meeting annually. 
The exposition is open daily. The exhibitors bear the 
expense of electric lighting and the running of ma- 
chines. The association has recently published a his- 
tory of the Japanese industry from 1888, the year of 
its introduction. At the end of the first decade, in 
1898, the production of the current had risen to 11,000 
kilowatts, and five years later, in 1903, to 26,000 kilo- 
watts. The war has tripled the purchase of machines, 
which are mostly imported from the United States. 

Electrical Traction in Mines.—The Bulletin Semes- 
triel de la Société de I'Industrie Minérale publishes 
a description of the plant and arrangements for the 
electric conveyance of coal extracted from one of the 
divisions of the mines of the Loire, and of gobbing 
and other material, between Rambaud and Loire, a 
distance of 1,400 yards, the screening and washing 
shops being near the latter place—a description fur- 
nished by M. Morchoine, engineer of the mines. For 
supplying the current a Bietrix steam engine is em- 
ployed, actuating electric mechanism by which over 
25 eubie yards of water can be pumped from the shaft 
per hour, a height of 370 yards. This operation takes 
place in the night, and the generator is otherwise dis- 
posable during the day. Of the total track, 400 yards 
are in the open and 900 underground. The track is 
single, with garage in the center of the course. The 
conductor of the current is of copper, supported by 
posts in the outside portion, and below ground at- 
tached to the roof of the drifts. The return of the 
current is by the track, the rails being connected with 
the negative pole. The locomotives weigh 8,000 
pounds, their total length is about 10 feet, and their 
height nearly 4 feet. They can draw trains of 25 
loads of gob-stuff, weighing 25 to 27 tons, at a main- 
tained speed of 20 miles per hour. This mode of 
traction has reduced the cost from 0.222 franc (1 
franc = 20 cents) by animal traction to 0.131 franc 
per ton, a saving of 1,200 francs per month, a sum 
sufficient to pay for the plant in less than four years. 
Besides, without increase of personnel, a larger num- 
ber of loads can be drawn within a given time, so that 
altogether M. Morchoine estimates the cost at 10 cent- 
imes per kilometric ton. If, for any reason, there is 
delay in the work at the mines, the employment of 
electric motors allows, in large measure, for making 
up the time lost. 


SCIENTIFIC AMERICAN SUPPLEMENT No. 1591, 


~ 
Instructive 


Scientific Papers 
On Timely Topics 


Price 10 Cents each, by mail 


ARTIFICIAL STONE, By lL. P. Ford. of im- 
mense practical value to the architect and bui SCIEN- 
TIFIC AMERICAN SUPPLEMENT 1500, 

THE SHRINKAGE AND WARPING OF TIM- 
BER. By Harold Busbridge. An exce!lent presentation 
of modern views ; fully illustrated. SciENTIFIC AMERICAN 
SUPPLEMENT 1500, 

OF AN INDICATING OR RE- 
CORDING TIN PLATE ANEROID BAKO- 

ER. By N. Monroe Hopkins, 
SCIENTIFIC AMERICAN SUPPLEMENT 15 

DIRECT-VISION SPEC ‘TROSCOPES. By T. H. 
Blakesley, M.A. An admirably written, instructive and 
copiously illustrated article, SCIENTIFIC AMERICAN 
SUPPLEMENT 1493. 

HOME MADE DYNAMOS, ScrenTIFic AMERICAN 
SUPPLEMENTS 161 and 600 contain excellent articles 
with full drawings. 

PLATING DYNAMOS, Screntiric AMERICAN 
MENTS 720 and 793 describe their construction so clearly 
that any amateur can make them. 

DYNAMO AND MOTOR COMBINED. Fully de- 
scribed and illustrated in ScrENTIFIC AMERICAN SUPPLE- 
MENTS 844 and 865. The machines can be run either as 
dynamos or motors, 

ELECTRICAL MOTORS, Their construction at home. 
—_— AMERICAN SUPPLEMENTS 759, 761, 767, 

THE MAKING OF A DRY BATTERY. Scren- 
TIFIC AMERICAN SUPPLEMENTS 1001, ison, 1383. In- 
valuable for experimental students. 

ELECTRICAL FURNACES are fully described in Scr 
ENTIFIC AMERICAN SUPPLEMENTS 1182, 1107, 1374, 
1375, 1419, 1420, 1421, 1077. 

MODERN METHODS OF STEEL CASTING. 
By Joseph Horner. A highly instructive paper ; fully illus- 
wees, SCIENTIFIC AMERICAN SUPPLEMENTS 1503 and 

5 

THE CONSTITUTION OF poss. Are CEMENT 
FROM A CHEMICAL AN PHYSICAL 
STANDPOINT. By Clifford Ric Scr ENTIFSC 
AMERICAN SUPPLEMENTS 1510 and 1511, 


illustrated. 


Price 10 Cents each, by mail 
Order through your newsdealer or from 


MUNN & COMPANY 
361 Broadway 


New York 


June 30, 1906 


Scientific American Supplemeni. 


PUBLISHED WEEKLY. 
Terms of Subscription, $5 a year. 


Sent by mail, postage prepaid, to subscribers in any 
part of the United States or Canada. Six dollars a 
year, sent, prepaid, to any foreign country. 

All the back numbers of THe SuprLeMENT, from t):e 
commencement, January 1, 1876, can be had. Price, |) 
cents each. 

All the back volumes of THe SUPPLEMENT Can 
wise be supplied. Two volumes are issued year 
Price of each volume, $2.50 stitched in paper, or $3...) 
bound in stiff covers. 

Comprnep Rates.—One copy of ScreENTIFIC AMERIC) 
and one copy of ScrenTirIc AMERICAN SUPPLEMENT, 01° 
year, postpaid, $7.00. ; 

A liberal discount to booksellers, news agents, ani! 
canvassers. 

MUNN & CO., Publishers, 
361 Broadway, New York, N. Y. 


TABLE OF CONTENTS. PAGE 

L —Infiluence of Light and Heat on Germination.—By 
The Collective Intelligence of Bees.—By G. BONNTER.—6ullus- 

IL. CIVIL ENGINEERING.—Canals, Ancient and Modern.—III.—5 
Concrete as a Koofing Material.—? illustrations............... .- 


= Action of Sea 
ILL. ELECTRICITY.—Contemporary Electrical Science... 
Electrica! Notes. 
Stanley's System of Transmitting and Utilizing Low-frequency 
Currents.—2 illustrations... 25491 
Telluric Currents... 


IV. ENGINEERING. —Engineering Notes 


Vv. AL ENGIN KERING.—Internal Combustion Motors. 
—By DUGALD CLERK, M. Inst. C. E.—L illustrations........ 25488 


vi. ELLANEOUS.—Preparation of Modern Cereal Breakfast 
rods. 


ater upon Concrete.—By J. WATT SANDE- 


Science No 


VIL. NAVAL ARCHITECTURE.—The Cunard Liner “ Lusitania.” 
Mmstrations. ...... 2486 


ATHY. —The Ph on 


1X. TECHNOLOGY.—Oolong Teas and Their Manufacture.. 
Utilization of Waste Materials. 


33) POSS SSS | $3} | 


768 Pages 
556 Illustrations 


Electricians’ 


Price $3.50 
Postpaid 


Handy Book 


A MODERN WORK OF REFERENCE 


A COMPENDIUM OF USEFUL DATA, COVERING THE 
FIELD OF ELECTRICAL ENGINEERING 


Including The Theory of the Electric Current and Circuit, Electro- 
Chemistry, Primary Batteries, Storage Batteries, Generation and 
Utilization of Electric Power, Alternating Current, Armature 
Winding, Dynamos and Motors, Motor Generators, Operation 
of the Central Station, Switchboards, Safety Appliances, Distri 
bution of Electric Light and Power, Street Mains, Transformers, 


metry, Electric Railways, 


Are and Incandescent Lighting, Electric Measurements, Photo- 
Telephony, 


Bell-Wiring, Electro- 


Plating, Electric Heating, Wireless Telegraphy, Etc., Etc., Ete.‘ 
Containing 556 Illustrations and Diagrams 


By T. O°CONOR SLOANE, A.M., E.M., Ph.D. 


Handsomely Bound in Red Leather, with Titles 
and Edges in Gold, Pocket Book Style .. . 


G Special circular of contents free. 


MUNN & COMPANY, Publishers 
361 Broadway, New York City 


OOOO SOO SOS SOOO OS OS OOO OO OOS 


y 

a 
| 

| 

6 

A 6 
| 
J | 

| 

| 

: 

| 

3 

a 


The * Indicates that the Article is Lllustrated 


he Scientific American Supplement. Index for Vol. 51. 


JANUARY—JUNE, 1906. 


with Engravings. 


cetylene app. protection of. ..: 
vcld, cyanhydric 


sulphuric, 


\cld, sulphuric, conduct. ..... 2 
vctino-electric phenomena 
\ction, least, principle of 
\cousties, history of 
\dulterants, food, 


\ero Club of America, show . . 
\eronautical comments 
\eroplane, perfecting the..... 
Air compressor, motor driven. 
‘ir conductivity at sea 
\ir, dielectric constant of 
Alarm, burglar, electric 
\lbuminoids, chemistry of... . . 
\lcohol as fuel for motors... . 
Alcohol, industrial use. . 
Alkali, electrolytic 


Alloy of thorium 


Alloy, what is a ‘ 
Alloys, copper and zinc....... 25244 | 
\lloys for tin plating........ 25471 | 
Alloys, iron, calcium 
Alloys, magnetic } 
Alloys, magnetic, non-iron..... 25110) 
Alloys, valuable 


Alps, life in, effects. .......... 
Alternators, coupling of....... 
Aluminium brass 

Aluminium bronze 
Aluminium in junct, metals... . 
Aluminium objects, cleaning... 
Aluminium paper 
Aluminium, plating with 
Aluminium, welding of 


Ammonia, free, 


Ammonia from waste prod... .25314 
Ammonium formiate 25% 
Amber serap, utilization 


Animals, domestic 
Animals, venomous 


Anthropology 


Antizoonive composition 
Ants, getting rid of 
Ants that weave with larve. . 
Ants, ways of the 
Are, E. M. F. of 


Arches, metal 


Asbestos porcelain 
Asphalt, natural, use of 
Astronomy, Greek 


Atlantic liners, 


Atmosphere, exploration of. ... 
Atom, radio-active, plan of.... 
Auger for square holes... ... 


Auto-mixte car, 


Automobile construction 
Automobile, forerunners of... .* 
Automobile, gasoline, first... .* 
Automobile in war........... 2 
Automobile motors, 
Automobile show, novelties at.* 
Automobile show, Paris...... #25133 | 
Automobile, steam, first 
Automobiles, new 
Automobiles, power utiliz..... 2 
Automobiles, steam 
Automobiles, winning 
Axle, broken, problem of a.... 


Racteria and fungi........... 
Bacteriology 2 
Ralance, electro magnetic 
Balata and gutta percha 
Baldness, light-treatment..... . 
Ballo-plane, Keil's 
Bank notes, stereoscopic exam.. 
Batteries, storage, manufacture. 
Battery cells, arrangement of.*25 
Beam, armor concrete. 

Beams, armored concrete 
Bearings, metals for 
Bees, intelligence of 
Belt driving, cost of 
Belts, stretching of.... 


Bicycle cement 


Bicyele hub, novel 
Birds, flying of, explained... . 
Rirds, migratory flight........ 25467 | Cements, 
Birds, rapid growth of 
2 


Bismuth bronze 


25388 
Blast furnace plant, new 
Boat motor, Delahaye 
Boat, paddle wheel, 
Boats, small, propeller for... .*25140 
Body as chemical factory. . . 


Boiler compounds 
Boiler furnace efficiency 
Boiler plates, cracks in 


Bone powder, adulterated 
Bone, production of 


Brandy making in Europe... . 
Brake shoe problem 


nicke! and bismuth... . 


Bronzing of zinc.............- 2 
Bronzing process ............ 


| Cables, submarine ° 
Cables, underground, improv 


| Caleium carbide as expilosive...25 
iodo-mercurates of... 
Calcium protein in plants 


| Camera, convertible 
Camera, shutter, simple, 


Canal, Isth., Commiss. report. . 
20204, 25307 


#25453, *25473, *25492 


Cantharidine, preparation of. . 
| Capillarity, conception of... . 
| Capock and its uses 
58 | Capsules, gelatine, manufacture.25299 
| Car, gasoline electric......... 

Car wheel acceleration 


Cars, motor, in Bavaria 
Cars, seating arrangement for. 
Cars, speed, novel 
*25133 | Cars, transport, bogie 
51 Carbon chloride, division of. . . 
Carbon combustion, 
electric conductivity. . 
7| Carbon, electric properties... . 
Carbon regulator for battery. . 


Carbureter, Franklin 
|; Cargo vessel, steam, new 


Castor bean culture 


Castor oil mills in U. S...... 


Catch, safety, for doors. 
Cathode disintegration 
Cathode particles, discharge of.25451 


Celluloid and galalith 
Celluloid, production of 


Cement for glass 


Cement for marble 
Cement industry of the U. 8.. 


Cement manufacture in U. 8.. 
Cement materials 
Cement mortar and concrete, 

25234, *25248, *25264 
Cement, Portland 
Cement, Portland, for concrete.25362 


#25368 | Cements, hydraulic 
Chafing dish, electric .. 


25379 | Champagne, 
Riting apparat. of mosquito. ..25432| Cheese, goat’s milk........ 


Chemical affinity, measure of. .25276: 
Chemicals, photo, preserving. .25388 | 
Chemistry, a 19th cent, prod. ..25291 | 


Chess players’ timekeeper... . . 25417 
Chime, electric ............ *25092 
Chiorine, electrolytic .........25211 
Chromium in iroms........... 25372 
vos 25247 
25246 
Cleaning preparation, a....... 25132 
Climate, Humboldt on........ 25356 
Climates and crops, relation. . .25382 
Clocks, mechanism of........ 25337 
Clocks with electric chime. . .*25092 
Coal beds, Utah, burning... .. . 25274 
Coffee adulterants, test for... .25430 
Coherer, electron theory...... 25458 
Colloids, precipitation of...... 25331 
Commerce, foreign, of U. 8...25475 
Compounds, migration of... ... 25276 
Concrete, action sea water. ... .25486 
Concrete aggregates ......... 25327 
Concrete, armored ..... #25105 
25126, 25138, 25264 


Concrete, armored, steel for. ..25223 


Concrete and cement mortar, 
25234, *25248, *25264 
25062 
Concrete block business....... 25282 
Concrete block manufacture. .*25209 
Concrete building blocks, 
25126, 25138, 25264 


Concrete construction ........ 25351 
Concrete for roofing.......... 25493 
Concrete, history of.......... 25399 
Concrete, mixing ............ 25316 


Concrete mixing machinery. . .25413 
Concrete, note on ............25486 


Concrete piles .............. 25375 
Concrete retaining wall...... *25108 
Concrete, strength of......... 25468 
Concrete, the ideal .......... 25452 
Condensation nuclei ......... 25188 


Converter, rotary, substations. *25470 
Cooker, Aladdin ........... *25172 
Cooking by electricity........ *25428 
Copper and arsenic alloys... .. 25354 
Copper, burnishing .......... 25244 
Cork, substitute for.......... 25275 


Cotton spinning industry, the .25386 


Cranes, electric, German... ... #25342 
“Cricket,” of British navy... .25243 
25498 
25260 
25365 
Crystals, properties, new found.25089 
Cupro-manganese ............ 25354 


Current, alternat, for locomot..25419 
Current, direct, high tension. .25419 
Current, electric, pertinacious.25106 
Currents, high tension, ex- 


#25186 
Currents, low frequency utiliz. .25491 
Currents, telluric ............ 25487 
Curves in pattern work...... *25096 
Cuspidor powder ........... . 25132 

D 
Death, feigning ............ *25123 
Decalcomania 25388 
Diamond, genesis of......... 


Diamond importations ...... 
Diamonds in the industries... . 
Dielectrics, liquid 
Diffraction, history of........ 25305 


Discharges, electric, in gases. ..25171 | 


Discharge, thermo-electric ....25147 
Diseases, protozoal .......... 25099 


Divers in mining, use of. .... .25386 | 


Diving dress, De Pluvy......25492 


Drawings, line, machine..... . *25256 
25196 
Dyen, artificial .25142 
Dyeing in khaki colors........25148 
Dyeing with turkey red....... 25100 
Dynamos, driving .......... 25451 


Barth, age of ..............20446 
Earth, orbit of, determ...... 25208 
Earthquake commission, report . 25482 
Earthquake, San Francisco... .25417 
Earthquakes, Flammarion on. .25451 
Earthquakes, times and places.25402 
Eclipses, ancient.............25466 


Education, technical ........ 25371 
Education, technical..........2§467 
Efficiencies ..... - 25151, *25199 


Eiffel tower, utilization of... .25227 
Electric energy, transmission .25223 


Electric shock, treatment 
Electricity, atmospheric 
Electricity in Japan 
Electricity in the home 
Electricity of the air, 
*25332, *25347, *25364 
Electricity, storage by valves. . 


Electromagnetic screening 
Electrometallurgic process .... 
Electro mechanics 


Electro therapeutics 
Electron, idea of the 
Electron, theory of the........ 
25419 
Electrons, emission by alkali. . 


Enameling on iron.... 
Energy losses in sheet iron.. 


Engine, freight, horse power. 
Engines, boat, comparison... . 
Engines, Daimler 


Engines, gas, starting 


Engines, motor boat, materials. 
Engines, subway, test of 
Engineer, work of the........ 
Engineering, insect 


Enlarging apparatus . 
Enzymes in roots . 
Enzymes, oxidizing 


2volution, experimental 


Explosives, pressure of. 
*25272, *25280, *25206 


Farms, wealth of our......... 
Farming in America..........? 
25479 
“Farragut,” torpedo boat dest. 

#25262 
.25178 


Fence posts, concrete 


Ferro-silicon in the foundry... 
Fertilizers and electr. proc... . 
Fever, hay, remedy for 
Fever, yellow, cause, etc 
Fever, yellow, facts about..... 


Fire alarm signals 
Fire extinguishers 
Fireproofing for wood........ 
Fish in superaerated water... 


Flight, problem of 
Floors, concrete. .... 
Floors and roofs, concrete... . 


Flying machine, Wright's. .... 
Fog dissipation .............. 
Food adulterants, tests for 


Food, relation to teeth 
Food, new ideas about. 
Foods, breakfast, cereal 
Food values, table of......... 
Forest planting, nat. reserves. 
Forging press, 150-ton 


Fossils, mining for. . 
Fowls, fattening of 

Franklin and electricity 
Franklin, Benjamin 
Frog, a new species of... 
Fruit, compote, spice for... ...25116 
Fuel, alcohol as, for motive... 
Fuel, artificial ... 


25141 


-25171 


25106 


, 25243 


25287 
25467 


25331 
- 25342 
25451 


25289 


25147 
25275 
27251 


25200 
25463 
25140 


"25477 


25387 
25495 


25452 


25387 
25374 


, 25115 


25226 
25356 
25468 
25405 


*25204 


25451 
25435 
25217 
25256 
25419 


25258 


25212 


25432 
25285 


25249 
25379 
25329 
25110 
25097 


- 25290 
*25476 
*25173 
*25249 


*25136 


25308 
25263 


25303 


25106 


25430 


25225 
25259 


25493 


25226 


25115 


. 25822 
#25237 


25132 
25228 
25308 


. 25372 


25484 


- 25387 


25198 


Fuel briquetting, notes on.... . 25208 
Fuel contest, auto........... *25306 
Fuel ecomomy ............... 25179 
Fuel, liquid, for naval use... .25158 
25166, 25182 
Fuel, peat apa 25176 


Furnace, an electric......... 


Furnaces, blast ........... 
Furnaces, blast, modern... . 
Furnaces, blast, performance . 
Fuzes and primers, cannon. .*25465 
#25480 


#25292 
Galalith and celluloid......... 

Galvanometer, tangent 
Garden, botanic, Harvard's. . .*25268 
Gas, blast furnace, clean.... 
Gas engine reguiation......... 2 
Gas engine, the Oechelhiiuser. ..25179 
Gas engines, faults of 
Gas engines for ships........ 
Gas engines for station work. . 
Gas engines, governing of......2 


Gas engines, starting.........2 
Gas exchange in plants........ 2 
Gas, furnace, cleaning....... . 25 


Gas generators, tests of..... 
Gas motors, consumption of. . 
Gas motors in electric driving. 25435 
Gas motors in ship propulsion. *25456 


Gas power plant, the 25479 
Gas producer, novel...........25105 


Gas producer plant, barge... . 
Gas producers ...........+-- 
Gas producers for powers..... 2 
Gas producers, tests of........2 
Gas turbine, the.............. 

Gases, atmospheric, rare. ...... 

Gases, discharge through 
Gases from metals.......... 
Gases, spark discharge in..... 
Gasoline motor, applications. . 
Gastric juice, production. ....*25141 


Goma, artificial 25275 
tenitation 25418 
Geological phenom. imitation. .*25160 
Geographical research, results, .25276 
Geological time .............. 25446 
Germany, scientific education 


Gliding machine, home 
GBiower, 2... 
Glue, vegeto-animal ......... 
Gnats in a given area 
Gold alloys, imitation 
Gold bronze 
Gold, chemistry of............2h 
Gold copper .... 
Gold, Mannheim 
Gold molecules in solid state.. 
Gold molecules, in solution... . 
Gold, mosale 252 
Grafting, note on............ 
Granite quarries ............ 
Grape growing, California. .... 2 
Grape wood 52 
Gravitation, theory of........ 
Guillotine, the 


Gun cotton, history of......... 
Gun cotton, manufacture... .. . 25304 
Gun, rapid fire, old.......... *25189 


Guns, high velocity, troubles. .25495 
Guns, primers and fuzes for. .*25480 


Gutta percha and balata...... 25237 
Gutta percha, artificial........ 5211 
25476 


Hair oil, crystalline. .. 
Halogens, glow discharge in.. 
Harness composition ...... 
Harvard's botanic garden... 
Hay fever, remedy for 


Heat engine, new............. 25251 
Heat loss, furnace wall....... 25291 
Heat insulation ............. *25361 
Heat recovery 25319 
Heat, solar, utilization of. ... .*25409 
Heavens, photo catalogue... ... .25009 
Heredity, studies om.......... 25301 
Hibernation of animals. .......25135 
Hones, razor .........+. bins 25322 


Horn, bleaching .............25180 


| 
ond | 
t 
the 
| 
..25148 
. -25292 
25180 
371 
CAN 371) Boi 
one 339 | Electrical notes .......25099, 25115 | : 
200 25164, 25179, 25211, 25227 | 25179, 25209 
and | 25260, 25275, 25291, 25355, 
25430] Boiler, steam, new...........25275 25403, 25419, 15485, 25451, iy 
25193 | Bone, bleaching .............25180 25498 p 
25104 25171 | 
25461 | Bot 1erican . 25495 
AGE 25387 25360 Electrostatics, rise of... .... 
25339 Brass for castings...........25246 Electro-technical industries . G 
25405 25191 | Brass for wire ..............%25246 
25198 | Brass scrap, utilizing. .......25110 
25338 | Bridge, bascule, new ........*25326 
es 25211 Bridge, cantilever, first.......25211 
— 25818 | Bridges, long span ..........25115 
SY *“5246| Briquettes, brown coal.......25459 ler 
Briquettes, fuel, manufacture .25298 
Britannia metal ............25354 
Bronze, aluminium ..........25354 ng #25205 | 
: Bronze, for castings..........25319 | ii . 25408 | g 
Bronze, 25379 
25493 Bronze, phosphor ...........25378 Engines, gas, governing...... 
78| Bronze, statuary ............25379 Engines, modern, large.......25227 115 ' 
S486 25222 405 
Bronze, Tobin ...............25247 25197 i 
5196 | 
25430 | Engineering notes ....250900 
ere | 25131, 25163, 25179, 25211, 
33) 25275, 25291, 25307, 253239, 
25387, 254038, 25436, 25452, 
Cc 25479, j 
25855 | 
148 | Europium | 
Aniline spots, removal.......*25496 371 | 
life of... .*25380 | ¢ 925240 Evolution, society and.......2525 
25192, 25195 Explosive, Poetter ........ | 
25132 *25265, *25282 | ee 
25444 Canals, ancient and modern, 
| 
25107 | Cannon, primers for........*25480 Fr 
..25131)| Cannon, revolving, old.......*25189 | 
Farm surveying ....*25352, * 
253 Germination, light and heat in.25404 i 
253 
254 
m . 254 
5179 te *25133 
25413 Ferro-argentam 
25150) Ferro-manganese .......... 
Ee 25181 | 20 
) 25227 | 17 | 
25115 25239 17 
25223 | 25131 15 
25371 | 25336 90 
25470 le . 25484 hd 
ments. . .25243 | . 25211 417 ; 
+ #25396 | .25479 | 11 
25248 | 25219 14 
irvings, to 25259 
25196 17 
Castor bean industry........25115} 25329 OT 4 
| 80 
Casting, a large ............25179 | ee Fis i 
| Diving dress, ancient. *25188 | Floors, stain for............ | | - 
O99 | ficiency......25467 | | Flour, bleaching ........... 
227 | | 
237 | Cement, American ...........25196 | } 
308 | Cement, a new...............25458 
193 | Cement, bicycle .............25182 | = 
402| Cement, Chinese ............25212 
201 | ............25212 
464 | Cement for iron . . 25395 
1319 | Cer 25100 20484 
161 | |Formule .......25100, 25116, *25268 
496 25148, 25180, 25196, 25211, S| 25239 iy 
L318 | 25244, 25259, 25275, 25292, 
275 | 25324, 25340, 2538S 
25460} 
925429 
. .25308 | | 


25500 


AMERICAN SUPPLEMENT No. 1593. 


Horology, 
llousing problem, Manchester. 
livbrid, a rare 
Iybridization, studies in 


evolution of.. 


llvdrogen perox, in medicine... 


Ilyelene, instruction i 


Ice, gas-free, density. 
Inertia and radiation 
Influence mach., 
Ink for glass and metal... 
Ink, indelible 
Insect engineering 

Insect transportation 

Insects as disease carriers. . 
Insulating material, new 
Insulation of bigh tension lines 
Intra-thoracle operations 
Inventions, old 


Inventor, American, at 


India rubber, adulterated 
Indian rubber, new source of, 
Ions in colored flames 


lons, transition of, in are. 
lonization and altitude 


Ionization by a-particles 
Iridium 

Iron alloys 
Iron and molwhenum....... 


Iron, early use of 
Iron, enameling 
Irom, plate hemieal comp 
Iron heet nergy losses in 
Iron pecific heat of 
Ironing by eleetricelty 
Irrigation system 


Ivery, bleaching 


Ivory, to polish...... er 


Laboratory museum, Brussels 
Labram, inventor, at Kimberly 
Lamp chimney, experiments 

Lamps, Nernst 

Lamps, osmium, Auer 

' 


Amps, tantatom 


gley, Samuel I 

Lantern, project 
Lava, radioactivity of 
Lead and tin alloy 
lead peroxide nole lay 
Lead, white, electrolytie 
laather, bleaching 
leather cement 


Lemonade 

Leopard snow, the 
Leprosy, microbe of 
Life, mystery of 
Light and 
Light, decomposition, curious 


leetric waves 
Light. pressure 
Light, standard of, new.. 
Light, stored 

Light, wave theory 
Lightning 


Lightning 
Lightning rods 


irrester 


Lightning rods, Washington 
mon 
Limbs, artificial, in antiquity 


Linoleum for cement floors. . 


Linen, dressing for 

Liquids, density of, measuring 
Lithographs on metal plates 
Locomotive, “Atlantic.” comp 
efficteney 
Locomotive steam consumption 


Locomotive traction effort 
Locomotives nair of 
Locomotive ingle phase 


Longitude, determination 


Lubricant for belting 
Lobrienation of m 
Luminosity, mechanics o 


‘Lusitania,’ Cunard liner 


Luster paste 


Machine bronze 
phenom 


Machine, influence, 
Machine tool work 
Machines, automat 
Machine oo motors for 
Maaneto-optt ect 
Magnetism, theory of 


Maize, preservation 
Man and nature 
Manchester ship canal 


Man irieties of 

Manganese argentan 
Manyvanese bronze 

Manganese ore, new use 
Mankind, sifleation 
Mantles, linprroved 
Manuscripts, old, restoration 
Maps, defective 

Maps, earl 

Marble, cleansing 


steping 


Marble slabs, 


wonders . 


phenom..... 


25008 
25106 | 


25202 


25510 


Metals of platinum group.. Piston, locomotive ........ ees Sewage, purification 
Metallurgy. electro | Pitch, diametral ....... eves Sewage, purification of.. 

| Metallur progress in Plant, assimilation, chem.. Ship, cargo, new type..... 
Metallurgy, unsolved problem | Plamt breeding Shipbuilding, American 


Milk adulterants 


+0143] Peat, new uses of......2! 
compensation, 


Mars, canals of. . 
Meats, preserved .............25181] Pendulum, 
Measurement, accuracy in.... .: CRON 
Measurement, fine advance in. ens, fountain 
Mechanics, electro. ...... *25844, *: 


Mercury, spectrum of 


| Sanitary spraying liquid. .. 
5198 | Science electrical ..... 2 


25408, 
Perchlorates, estimation of 


lerfume, 


Mercury, spots of.. 
Metal, Aich's 

Metal, anti-friction 
Metal, Bath 
Metal, Biddany 
Metal, Boblewe’s .... 


compound 

Periscope in submarines. . 
Pests, introduction of. . 
Phoenicians as sailors. 
Vhonographs as evidence 
hosphor bronze 


25419, 25435, 2 


| Science, public health. . 


Metal, Hamilton's ..... Photographic apparatus sim- Science, study 
Motal, Macht’s .cccccccsccess *25220 | Screens, fluorescent ..........25147 
Metal of the future........... Photographic novelties 44 | Searchlight, Bleriot .... *2515 
Metal, Prince's ........ Photography, asphalt in, use. % | Searchlight, the Cuneod. 7 
Metul, protection for......... 25 Photography, lumar ........+. | Seating arrangement for 

| Metal work. sheet, fillings. Photography of projectiles. ... Selection, natural ......... 


Vhoto-ticket, the Selenium, photoelectric 


Metal, Tissier’s and Tournay’s. | 
Metal, white icein cement. Selenium, resistance of....... 
Metals. annenaling........ Pickling iron castings Sensitizing photo paper. 


5 | Pier, armored concrete Sepia printing paper. 


Metals for automobile construct 


Metals in 


Metals for bearings........ | Piers, armored concrete. ..... Sewage collecting wagon....** 5408 
Metals for buttons. | Piles, concrete Sewage disposal 
| Pine hbeck Sewage farming 


luman progress 


25462, Pipes, protec tion | Sewage farms, failure, cause.. 


| Plant growth, influ. of light... Ship propulsion, gas motors for 
iants, hybridization of 


Plants, influ if toxie agents.. 


Micrometer, an electric....... 


Mining camp. beginning of a. Shoe dressings ........25100, 
Mira metal Piants, twining of. | Shop, machine, a railroad.... 
Model powder .......... Plaster of Paris. Shops, a tour of the....... - 


Sidewalks, concrete ........- 
Silicon bronze 
Silicon, carbide of.... 
Silk, artificial 
Similor 


| Plates, stereotype, curved. . 
;| Platine ee 

Wating with aluminium. 
Platinum, Birmingham 
Platinum group of metals 


Molecules 
Molecules, size of 
Mollusk eggs, maturation 
Molybdenum, reaction for 
Monorail line, new 


Moon, apparent enlargement 25163 | Plover netting Silver, German 
Morel, cultivation of Points, fundaments in world Silvering wood and metals. ... 
Morse apparatus, wide use of »s179 | Polarization discovery of Sleep, winter, of animals......25135 


| Polishing-wheels 


Sleepi 
Smoke abatement ............ 
Smoke dissipation 
Smoke, soft coal 
Snail culture in France 
Soap varnish ........ 


Mosquito, biting apparatus of 
ompeil, excavation, recent. . 


Mosquitoes in a given area 
Porcelain 


ishbestos. 


Mother-of- pearl waste 

Motocycles, new drive for 
Motogodille, the 
Motor and belt driving 
Motor speed control 
Motors, auto., 


Porous contact se 
| Post cards pieture.. 


Posts, comerete ........ 


Soapstone, new use for 
Soils, fertility of.......... 


Potato jelly 


Pottery, metallic surfaced. 


testing 


Motors. gas, starting ower for machine tools. . Soils, renovation of.. 
Motors, gas, consumption of. Power utiliza, in autos....... Solder for dentists’ use... 
Motors. was. failures of Primers and fuzes for _ suns Solder, 
Motor ras, for ships. *25456 £25465, *2 5480 Soldering and tinning.........: 
Problem in mathematics. . Solids, solutions of..... 


Motors, gas, governing 
Motors, 


Motors, Internal combustion 


Space at 
Spark, electric, 


| Projectiles, photography 
Pulley, an extensible 


rasoline, application 


*ullews, be conne Spark lengths, small......... 
Motors, single phase, railway illey It «ted engths mall 
thf... | Pomp, tire inflat ng Spectrum, energy in, distrib... 

Putrefaction. bacteriology Speculum metal ......<-. 
Muntz metal 

Putty for glass Speed and mile recorder...... 


#25400 Spencer, Herbert, as engineer. 
Spider, social, habits of.... 
Spinthariscope, the 

a Stability, study of. 

8 Stain, black, for wood........: 

- | Questions, capac. to answer. .*25368 | Staircases, glass 

| Stanford University, rui 

| 


Pyrometer, low resistance. . 


atives, quick drying of....: 
Negatives, writing on 
Nerve and muscle changes. 


Nets, veils, ete., preserving. 


Star-streaming .......... 


R | Starch processes, recent.......25239 
Nickel, rust in, removal. . ‘ onnne 
Station device, electric. .......25009 


79 Station, electric, Paris....... 253855 
Steam plant, durability in.....25211 
Steam plants, ideal...... 
Steam plants, loss in... ee 
Steam, superheated ....25390, 25 
Steel for armored concrete. ....252 

» Steel, nickel or 
Steel, oxidized ..... 


Rabbits, destroying. . 

} Radiation and inertia 
Radiation from metals.. 
Radiation, mechanism of. . 
Radiator, electric na 

| Radio-activity, present state. . 
Radio-activity, standard of... 
Radium, heat evolution. 


Nickel steel, new uses of. . 
Nitrates by electricity 
Nitrogen atoms, current car 
Nitrogen in sea water 
Nitrogen of the air, fixation. 


oO 4 . 
Radium, medical value of Stenogrephic machine, new. 
Oak t. a } Radium rays .......... Stenophile, the 
Railroad, electric Sterro-metal ......... 


Railroads, electric, Europe Stones, precious, imitation.... 


knowledge Railroad, Mt, Blane Stones, precious in 1904.......2 

VON Rallroad, Panama .......... 4 | Storage cells .......... 

gg Railroad, success of Storm warnings, telegraphic. 
Railroad, Tehuantepee ...... Strain in heating, cavity from.2 


|} Ozone by ultra violet light 


Olls, rosin, manufacture 


Straw as fuel ........... 
Substations of Long |. RR....*25470 
Sun and sky, heat from.......25418 
Sun apparent enlargement.....25165 
Sun, distance of... 


Railroads, electrification of 
tailway, 


Railway car, 


Ore flotation, physies of whe 4 
Brunnen-Morschach.. 

gasoline 

Organ gun, the 

smart.. 


Railways, Rhodesia, the 


Railway performance, 


Ormulu (or moulu) 


the | rent 8252 Sun, ultra-violet light of...... 2 
Qzide of tatio e/m 25163 Superheaters, locomotive 

Rays, cathe ir phosphorescence ; Surveying, stereoscopic me thod.2 

} Rays to oxidation. ... Suspension, anti vibra. 
enitere Ray, N. problem Switch, control, Ferranti. 


Ray, X, apparatus. Switchboard, telephone, med. 


4 Ray, X, therapeutics... Switzerland, industries of..... 3403 
| Ozone sterilization of water. . 
|} Rays, alpha, properties of.... 
Rays, X, charging action..... 
P Razor hones T 
Regulator, carbon, battery... Tantalum lamps ......... . 25099 


25148 | 


Paint, petroleum reservoir. . Rept tion, physiology.... Teas, oolong , 
Painting, asphalt im........ | Rhodium Teeth, effect of food on....... 

' Painting woodwork ........ 118) Ripple marks, origin | Tehuantepec, isthmus of..... 
Patina, red Rocks, volcanic 7 | Telegraph, wireless, Cervera. .* 
ee Roller, gasoline motor. . Telegraph, underground, Lon- 
Vanama canal 2524, Rosin oils, manufacture. 
Paper, photo, sepia. ..........25091 | Rubber, artificial Telegraphy in train running. . .25009 
Paper, sensitive Rubber, leather, ete., attach- Telegraphy, wireless, advances 
Paper, waterproof | ment secs 
Parachute, Da Vinei'’s....... Rubber w ashing | mac chine. seee Telegraphy, wireless, De For- 
Parchment paper serap........2 400) Rust protection for ships. .....+ Telegraphy, wireless, possibili- 
Parthenogenesis In plants. .... 179 | Ruthenium ... CD: 
laste, cosmetic es 2 Telegraphy, wireless, 
lassengers on Atlantic liners. . Telegraphy, wireless, tests of. 

Patinas s Telegraphy, wireless, transmit. 
Vattern-work, curves in Telemobiloscope, the ........ 
Pavements, street | Sal-ammoniac, production......252314] Telephone, automatic ........ 


' Peach flower perfume. . Sal-ammoniac, purity, test.....25211° Telephone currents, measure. . ‘25403 


5176, 25306 | Sand, molding ...............25346 


25211 


sickness, the......... 25115 


25243 


25195 


Water, 


Telephone sounds, distinct... 
Telephone switchboard, mod. .* 
Telephone systems, design. of..2 
‘Telephone system of future. 
‘Testing automobile motors .. 
Testing machine, $00-ton......: 
Theaters, safeguard of life. .... 
Thermit in product, of heat... 
Thermometers, standardizing.. .: 
Thermostat, electro ....... 
Thorium, alloy of ‘ 
Timber, fire protection of......2514 
Time, geological ... 
Time tables, how made.......*25 
Tinning and soldering 3 
Tinning owe 25471 
Tin, testing of... 
Tobacco, disease 
Toilet water 
Tool room, an efficient....... 
Tools, machine, improved......25275 
Torpedo destroyer 


ll 


Track laying, remarks on......2517 
Traction, electric, an advan- 
CABO 
Traction, mine, 
Tractocyele, the 


tric. 


Tramway, 
Transformer for amateurs. 
Transmitter energy, increasing. 
Transportation routes of world.25172 
Tricyele, delivery, running, 


Trolley repair wagon........* 
Truffle culture in France.... 
Tunnel, concrete 
Tupelo, the 
Turbine, ancient 
Turbine, 
Turbine, gas, the. .... .25099, 
Turbine, marine, history. . 
Turbine, steam, London’s..... 
Turbine, steam, marine, the 
*25112, 
Turbine, steam, 10,000 h. p... 
Turbines, steam, note on..... 
steam, experiences 


8s, problem of... 


*25120 


Turbines, 


Turbines, auperheating for.... .25219 
Turmeric, detection 


Type metal 


Undulatory theory, the.. . 25089 
University, Stanford, ruins.. .*25406 


Vv 


Vacuum, electric conduct.....*25120 
Vacuum tubes, polarization in. . 2540: 
Valve, electric, new.......... 
Valve, safety, for tires.. 
Valves, brass, leakage of.... 
Variometer, intensity ....... 
Varnish, dull black......... 
Varnish, enamel 
Varnish, furniture.......... 
Varnish, gold, for metals.... 
Varnishes, heat proof....... 
Varnishes, asphalt imn....... 
Vaseline, production of...... 
Vessels, wooden, waterproof. 
Vinegar, red and white...... 

Volt, ohm and ampere. cccceecsdaue 


w 


Wall and tunnel, concrete.... 
Wagon, trolley repair........ 
Waste materials, utilization. 
Water, character, determ 
Water, feed, heating 
Water needed in, Otto motor.. 
Water, organic, matter in. , 
e sterilization of..* 
Water power at high pressure 
25180, 


Waterprooting ....... 
Waterproofing, methods 
Water, sewage polluted. 
Wave theory of light.... ss 
Waves, electric, control of.... 

Weights and measures stand, 


Welding, oxy-acetylene 
Wells, breathing, radio-ac tivity 
Wheat, varieties, strength..... 
Wheels on road, pressure...... 
Wind, electric, the............251¢ 
Windmills, work im...........252 
Wine, litharged ........ 
Wines, dry 
Wires, subme rged, resistance. . . 
Wood distillation ..... 
Wood of fruit trees... 
Wood, preservation of.......-- 
Wool, degreasing ...... 
Writing, marvels of.. 


Zambesi River, source of......25374 
Zine, sulph. phosphorescence.. .25171 


Zygospores of Mucoracee......25419 


25337 | 
~ 25150 08, 25107 
25147, 251638, 25171, 25186, 25223 | 
| 4, 25371, 25419, 25451, 25458, 25471 | 
25247 | .. .25484 25181, 25168, 25179, 25195, | 
25248, 25276, 25291, 25307, 25323 | a 
I cece 25243 O371, 25451, 25467 
25320 25247 25374 25355 | 
25174 25471 
25201 .25371 
‘ 20244 | 
| 
} 
25219 25132, 25148, 25180, 25196, 25211 
25116} 
25467 25260 | 
25257 
*25428 25287 | 25087 
....... .25228 188 
25154 
25403 140 
J +++ - 25484 25106 5320 
28227 | 25372 | 
5266 | 
| 5324 
P5226 | 
| f. 82549 tential. 25098 
| 005257 | the. ........ 225144 
25419 
25107 
5186 
"S180 48 5355 
ra 
7 25371 
25215 
25143 
ait 2008 
214 
On 
415 5339 
270 
Sd = : 
625236 25108 
3 
105 
1, 25232 
25307 
AGT 
2545 
one ae : 
= | 
Z 
] 
wa 


